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ADVERTISEMENT. 

The branches of mathematics comprehended in this 
volume have usually made a part of the course of instruc- 
tion at the public seminaries of the United States. But 
the best treatises upon these subjects are too extended, 
and of too practical a nature, to be used as a text-book. 
What is here o£fered is intended to furnish only those 
general principles and leading ' methods, which afford a 
useful exercise to the learner, and which may be consid- 
ered as belonging to the pursuit of liberal studies. Tlie 
works principally used in preparing this treatise are Cag- 
noli and Bonnycastle's Trigonometry, Delambre's As- 
troniHXiy, Bezout's Navigation, Puissant and Malortie's 
Topography. The tables, except those of meridional 
parts and astronomical refractions, are from the stereotype 
plates of Bowditch's Practical Navigator, the correctness 
of which is too well known to need any recommendation. 

An introductory treatise on the Differential and Inte- 
gral Calciflus, nearly ready for the press, will complete 
this course of mathematics. It is proposed also soon to 
commence publishing a work on Natural Philosophy, 

adapted to the same class of students. 

JOHN FARRAR, 

Pioftnor of Mathematics and* Natural Philosophy^ 
in tike UDiTenity at Cambridge. 

Cambridge^ May 1822. 
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BLEMENTAHY TREATISE 

OMTMM 

APPLICATION O* OEOMBTRT AND TRIGONOMETRY TO THE PROJECTIONS 

OF THE SPHERE, AND TO THE SOLUTION OF OEODSSI0 

AND VUkVa/DAh FaOBI.«lI8. 



CHAPTER I. 

(^ FrqjecHons anf the Construction of Charts. 

1. The position of a point in a plane is determined hj thq 
fiosifionr nf any tw« lines passing throngli this pdnt, since being 
m each of these tines it can only be at their intersection. 

Wiien there are several points to be designated, the method 
generally employed consists in faking two lines JB9 JC (Jig. ])>Fig.t» 
perpendicalar to each otber» to which all the giren points are 
t*eferred; The point tllf, for example, would have its position 
determined by its distance from each of the lines ^B, AC. In- 
deed if lire take A^ equal to the iirst of these distances^ and 
through ^ draw Qi^ parallel i^AB^ the point proposed will be in 
ihis line ; it will also be in FM parallel to AC9 and whose distance 
from ACn equal to the disfanee of the point M from this line ; 
the point proposed, therefore, being common to the two lines 
^j PM9 win be af their intersection M. 

S. 'When the question involves three dimensions, m* relates to 
a body, we adopt a method similar to the preceding ; similar^ 
indeed, to that employed by architects ; it is that of plains^ 
profiles^ and etevatiens. 

When a point is given in space, we can let Ihfl from this point 
a perpendicular upon an assumed plane, and note the place 
where it meets the plane ; fhis is called the jprq/ectum of the giv*^ 
en point, and the assumed plane is called the jilane of prqjecHon. 

Let ns supimse, for instance, that all the points of a giveii 
figure are referred to a horizontal plane | their projections woidd 

Top. 1 



2 Jpplicatum of Trigoncmelry. 

be the intersections of a plumb-line meeting this ^ne finom 
each point of the given figure, and the lengths of these 'lines 
m\l be the altitudes of the points respectively above their pro- 
jections. 

3. If now we suppose a plane» raised perpendicularly to the 
horizontal plane, and let fall upon this second plane perpendi^o 
lars from each point of the given figure, these perpendiculan 
will give a second projection of the given figure representing the 
proper altitude of the several points above the horizontal plane. 
T'l^. 3. Thus, let B^C (Jig* 2) represent a horizontal plane, DJiB a 
vertical plane, raised upon the line JiB ; from the point JIf of a 
gi\ en object let fall the perpendicular JUM upon the horizontal 
plane, and its foot M' is the horizontal projection of the given 
point. 

From tbepoint JIf let fall also the perpendicular JIfJIf" upon the 
plane DJB, and the point JH" is the vertical projection of the 
given point 

The two lines MM'9 MM^\ are evidently in the same plAiie# 
since they cut each other. The line M'M^'f drawn in the hori- 
zontal plane perpendiculariy to the line AB9 the common inter- 
sectiun of the two planes, will be perpendicular to the rerticfd, 
plane, and consequently parallel to MM" ; and these three lines 
will be in the sanie plane^ which is perpendicular to the vertical 
and also to the horizontal plane. It is evident that M"M'" is 
equal to MM'9 that is, the vertical projection M" is at the same 
akitade above the horizontal plane as the point «Ar. 

By proceeding in a similar manner with tbepoint Pf we should 
have its two projections P', -P" ; and it is manifest that» while the 
vertical proje^ctions •/¥", P", give tho altitudes of the given 
points above the horizontal plane, tlie horizontal projections •U', 
F,jwill give the distances of the ^ven points from the vertical 
plane. 

In order to represent the different parts of an edifice, an ar- 
chitect assumes a horizontal plane, to which are referred by 
perpenditulars the leading divisions and remarkable points of 
the- edifice; the design thus formed is called a flan; next 
another plane is taken in a vertical position^ upon which are re- 
ferred such points as are required to be noted, of the altitude at 
which jihey are actually placed above the horizontal plane. This 
with its delineations is called a ^ec^fon or profile, if it is supposed 
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to pass through the interior, and the tlevaKon if it represent 
the ontBtcle of the hmMing. 

This method, moreover, is made use of to represent the 
heights of objects near the earth's surface, as beacons, towers, 
tiie tops 6f mountains, ftc. ; also the streets of cities, and the 
boandarieB of fields, and generally figures occupyiftg, by tlieir 
projecliofis, snqh a portion of the earth's surface, as may witlu* 
ovt aanslUe error be considered as a plane. 

df (Mhographic Prqjectien. 

» 

4, According to the method, here given, which is called arOu^ 
grajMcprqjectionf A sinightline perpendicular to the plane of pro- 
jection is represented by a point, and a line parallel to the plane of 
projection by a line of Uie same length. With respect to a straight 
line oblique to the plane of projection, it is represented by the dis- 
tance between the perpendiculars let fall from the extremities 
upon the plane of projection. Let •SB (Jig. 3), for instance, be a Fig. 3. 
line inclined at any angle to the plane of projection FL» M 
being drawn parallel to IfX, the angle \0.dC will be equal to the 
inclination of the line JiB to the plane of projection FL, and 
Ji'B' = ^C is the projection of the line JB. Now 

JiB iJiCiiRi sinABC or cos BJiC (Trig. SO). 
I'hus radius is to the cosine of the inclination, as the line ^AB is 
to its prpjection ^B'. Therefore if we consider radius unity, the 
projection of a line is egual to this line^ multiplied by the cosine of its 
indiwUion to the flam tf prqjedion* If the line ^B be consider- 
ed as unity, its projection AC will be the cosine of its inclina* 
tion siroidy. 

5* This kind of projection is employed in some cases to re- 
present a spherical surface. The sun and moon appear as cir- 
cles, and the difierent parts of the hemisphere presented to us 
have apparently the same relative situation that they would have 
when projected by means of perpendiculairs let fall from each 
point upon the plane separating the visible from the invisible 
hemisphere. This is true of any sphere, whose distance compar- 
ed with it9 diameter is so great that the rays of light proceed- 
ing from it and meeting in the eye may be considered as pels 
pendicular to the plane of projection. 
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4 Jpplieatim ff THgonemdry. 

Mg- 4. 6. If we imagine the semicircle DFB ( fig. 4) raisei peifeiKitc^ 

iilarly upon the plane of the papert the diiHMler BM remaining 

I in this plane* and sopixwe tlie perpendicvlars FCp XEf (tc^ kt fiill 

from all the points of the circiu&fereBce« theee perpendicBlaia 

^ woidd meet the plane of the paper in a series 4^ peislB forMiag 

^ the diameter BE. C being the cenlre» the arc FM ivill be Wf 

and its projection Cff will be equal to radiusy that is^ to the alae 

of 90^ In like manner CE s= X«J= sin FI wiH be the pfojeo- 

tion of the ah; FL When, therefaret an arc ha$ «to plane perptn^ 

dicular U the pUme of projection and its or^tmat the perpendienlar 

which paeees through the cenirCf the orthographic projection of thi$ 

are is equal toils nne. 

7. If the plane of the circle instead of being perpenAcnlaris 
inclined to the plane of projection^ the ordinatoi FC^ lE^ &c.» 
falling upon the diameter, will with their projections CQ^ EK^kjc., 
each make an angle equal to the incfination of the two plaiieSf 
since the ordtnates and their projectioas are respectirely perpen- 
dicular to the diameter DH^ or the common intersection of tlm 
two {danes {&eom. 349). Hence 

FC iCG::R: cos inclination (4), 
and IE : EK: : R : cos inclination^ &€•, 

consequently FC:CO::IE: EK, 

But the ordinatesina circle are to' the corresponding ordinates 
in an ellipse in a constant ratio, namely, as the semi^ansverse 
to the semiconjugate (Trig. 114). We infer then that DS^OH, 
the projection of the inclined simicircle BFFB is a semiellipse, 
of which JDCi equal to i^,i$ the sentritransverse, and CG the semi« 
conjugate. The same may be proved by similar reasoning with 
respert to the other half of the circle. Therefore the orthograph- 
ic projection of an inclined circle is an dlipsCi of which the tran^" 
verse is equal to the dmmeter of the circle f and the conjugate to twice 
the cosine of its indinadon to the plane of projection^ 

We have supposed the plane of projection to pass through thli^ 
centre of the inclined circle. The above theorem, however, will 
be true, whatever be the distance of the inclined circle from the 
plane of projection ; for we may always suppose a plane par- 
allel to that on which the projection is to be made, and passing 
through the centre of the inclined circle, and the figures deter* 
mined by perpendiculars falling upon two parallel planes must 
evidently be the same. 
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S. OrChoptphle proj«ctl6n Is Ktfle used for giMq^raphicd 
maps, because it is liable to great errdra when the map is of 
Gonsideitible extent. The difference between a small arc Ff 
and its progectiofi CSf is inconsiderable^ and In this case the 
distance betwe«i two objects upon the earth's surface inay with- 
out smisiUe error be represented on a map bjr the ^stance CBm 
But the more the point I approaches towards 1^ or IT, the more 
will the increase of the arc FI exceed the correspoitding in- 
crease of its i»*ojeftion CB, and the more considerable will be 
the errors In the distances of places thns represented. Sapposo 
IH =: 60** =3 2 FI; then C£ or U = sin Stf* z= | CH (IVi^. i«). 
Therefore CE = EH, and consequently the distances Iff, FI, 
the first of which is double the second upoi| the gfobe^ Wift be 
represented upon the map by equal lines. 

The contraction which takes place t0rard Ae ^ane of pn^ 
jection win be evident from fg. }d» which is an orthographic Hg. lit 
projection of the sphere upon the plane of the equator, the tnerl- 
dlanSy having their planes pass through the eye, being* repre^nt- 
ed by straigtit lines, and the parallels of latitude by circles whose 
radii are equal to the sines of their polar distances respectively^ 
the radius of the equator being unity. 

Notwithstanding the inconvenience above mentioned, astrono- 
mers advantageously make use of' this projection to represent 
and predict the circmnstance of an eclipse, because, in this case^ 
the question is not about the respective distances of places, but 
only to describe upon a geographical chart the curves which em- 
brace pretty nearly the countries liable to be eclipsed, or the 

places from which the same or diflbrent phases may be seen, 

• 
« 
_ » 

Of Sl;ereographic FrojecHon. 

9. The representation the most convenient for roaps^whiGb 
comprehend a Iai*ge part of Ike globe^ is one in wMch the eye is 
situated iii the surface of the sphere, the plane of projection 
passing through the centre par^dkalar to the dtanicAer which 
is directed to the eye. This Is called ste n o g rap h ic projection. 

In orthographic projection the whole surface of a sphere may 
be represented upon the plane 6( a great circle as a base, to 
which all the visual rays are perpendicular. In stereographic 
projection only a hemisphere can be represented upon the plana 
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of a great circkf the eye beiiig sappeaed at the pale of thia cir- 
cle ; it is necessary that the plane of projection should be inA- 
nitely extended to adroit of all the points of the sjihere being 
represented at once. Each hemispherot however* may be sue- 
cessirely represented upon the plane of a great circle, by sup- 
posing the eye first in one pole and then in the opposite pcde of 
this circle. 
Fig. 5. 10. If dO (Jig. 5) be perpendicular to BDf being the 
place of the eye^ BD will represent that part of the plane of pro* 
jection comprehended within a great circle. This is called the 
primiHve circle, being that to which all the others are referred. 
Cf the centre oj the primitivef will be the projection of the point Ji, 
the pole of the primitive. 

Any circle of the sphere, if we except those whose plane pas- 
ses through the eyOf may be considered as the base of a cone 
formed by rays proceeding from the circumference of this cir- 
cle to the eye ; and when the circle b parallel to the primitive^ 
its representation upon the plane oC projection is evidently a cir- 
cle ; since the cone formed, as above described, is a right cone^ 
and every section of a right cone, made by a plane parallel to 
the base, is a circle. When, however, the circle is oblique to 
the plane of projection, the cone formed by the visual rays is also 
oblique. The circle, for example, which has for its diameter the 
chord EFf will be the base of a cone of which OEF is a section 
through the axis. Moreover, the section fiJVT, made by the 
plane of projection, is the projection of the circle EyF. It is 
proposed to determine tlie figure of this section. Through a?, 
the centre of the circle EyFf suppose a plane to pass parallel to 
the plane of projection, meeting the cone in S'yT; the two sec- 
tions EyFf S'yTf being perpendicular each to the plane OEF9 the 
common intersection a? y will be perpendicular to the plane OEF3 
and consequently to each of the straight lines EF and ^'^^f >^* 
ated in this plane. Then, since the angle 0T8\h measured bj^the 
sum of the arcs OB, BF,\ or half of OBF9 it is equal to OEF9 
which is also measured by half of ODF CQeam. 126J. 

t Suppose a straight line Ff drawn throuf^h the point F parallel to 
BB^ we shall have Bf^ J^{Oeom. 1 12), and the angle OFf^OTS. 
But the measure of the angle OFf is | OBf^i ODFy therefore thift 
is also the measure of the angle OTS. 






Also, since tfV is parallel to 8T9 the angle OTff is cqnal to 

OT89 and consequently equal to QISK Therefore the triangles 

EacJfff TxPf having two angles of the one respectively equal to 

two an^es of the other, are similar ; whence 

Xx : xT :: 8^x : xF, 

S^x X xT zszExx xF. 
But BXf xFf xif, being radii of the same circle EyFf 

Ex X xF^XMi 
consequently ^ 

ffx X xTz^xy; 
and as this is the case however oblique the two sections Ej/F 
and iS^yT' are to each other^ that is, upon whatever part of 
iS'T' the ordinate a;yfallSf the section fi^yT' must be a circle 
(Trig. 103) 

Now suppose a plane OJt'JV passing through the axis OV^ and 
making any angle with the plane OSfP, ^e shall have by simi- 
lar triangles 

eXzOR :. Ifff . RS 
: : JR'JV' : fiJV; 
whence, on account of the t:onimon ratio, 

JTfiT : RS : : JT JV : JUV 
or It9.KJ>r':: a8 : JBJV. 

But B!S\ MtM**, are equals being radii of the same circle ; conse- 
quently B8f'BM\ are also equal ; and as this is trlie, whatever an- 
gle the plane OSfJ>r makes with OffT', the section 8J>rT is a cir- 
de. Therefore, in stereQgmphic projection, evenj cirde tfthe ipheref ' 
Tvhose plane does not pas$ through the eye, is represented on the > 
plane of projeeHm by a cirde. 

11. Let P (Jig. 6) be the pole of the circle EF. The angles Figw 6 

FOE, POF, are equal (Oeom. 126) f and the straight line PO^ 

bisecting the angle EOF, will divide the diameter EF^ and its 

pr(»je€tion ST into unequal paits, making SK less than KT 

{Geom^ SOI). Bisect 8T in m, and we shall have 

Cm = distance of the centre of the projected circle from the 
centre of the primitive ; and 

5m = to the radius of theprojected circle. Call Cm d, and Sm r. 

Now, since CS, Cm, CT, are in arithmetical progression 

(•%. ££3)9 we shall have 



"" cos J (^P+ViSljcM I (Jijt^FE) 

and 

cos wf f + COB IV ^ ^ 

In like manner 
SiSfm zrzCT -^ OS := Hng^JIF^iMmg{ JiE 

sin (|JF^|Jg)n 



and 



sin Pg 
"* I (cos .djP + cos F£) 

sin FB 

cos .i^F 4- cos Fff ^ ' 



^hea S av OC » 1| a SB j^ .IFand » «: ^ J£, becomes 

tang 1 JF + tang ^ J17 » ;,,,,. , ^« 

o» o» C4is|«^Fcos^«iif. 

t jf£, APjAF, beinsc by censlniction in arithmetical progression, 

Moc^over from the formula 

cos a + cos ft aa -g COS i (fl + ft)cQS J (ia — BJ (^"^ff- 29), 

If we put Ji SI I9 li «o«dPand ft «■ F8» and divide both nnmbers bj 
$, we shall have 

I (eos .^P + cos F£) » cos | (^F + FE) cos ^ (^F— FS.) 

ft It will be observed that the steps in this investigation do not dif- 
fer from those just explained, except in the application of the fonnu* 
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12. Suppose PE (fig. r) cr O9 and the formula Fi^ 7. 

- fmJiP 

^ ctmJiF+cwPE^ 
since cos = 1, becomes 

, _ %\nJIP _ gsintjgPco9JwfP f _ tin j AP 

""COS^P+I"^ 2(C09|d3P)« "cos^^P 

The formula (2) in this case becomes 

SIP PE 

** ■" cos ^P + COS PE 
Thus the circle is rMuced to a point, namely, the pole, and the 
projection of this pole will be the point K9 and CJSTss tan^ ^ AP* 
Therefore Uie pngeetion €f a paint P has for U$ diUaneeJram 
the cemre of the primitive the ia/ngenJt tf half iU distance an the - 
sphere from the pole of the primitive. 
IS. If PE = ISO'', r is still = 0, but 

sin AP sin JP liil AP 



d=z 



C0S.dP + C08P£ COB •dP + COB 180^ €08.dP— 1 

^m\APcw^AP 

^ — 2(8inJ^P)« :|: 

_ COS^wgP 

"" sin I JiP 

t = — cot|.^P. 



la for the difference of the tangents instead of that for the sum. It 
is obvious that ^Fts»JlP+ FE, and AE^AP-^ PEj hj construc- 
tion. Also i AF-^i AE^l {AF— AE) - PE, since AEj AP^ 
AFy being in arithmetiGal progression, the difference {PB) between 
AE and AP is half the difference between AE and AF. 

O oin n ens n 

t The formula sin 2 a = -^ (T'^5'' ^)y when * « 1, and 

a = J .^P, becomes sin AP a 2 sin ^AP cos \ AP i and the formu- 

2 cos a^ "~- jR' 
la cos 2 a = ^ , with the same substitutions, becomes 

cos AP^9. (cos I wJP)' — 1, or cos ttfP + 1 = 3 (cos ^ APy. 

tFrom the formula sin a* ^\R(R — cos 2 a) {Trig. 39), or 
2 sin a3 ==: JB (i2 — cos 2 a), wben JR r= l and a » | JP, we have 

2 (sin ^ ^P)* =a 1 _ cos AP^ 
or, changing all the signs {Alg, 57), 

— 2 (sin I .aP)* « cos AP-^ 1. 
Top. 2 



10 JippUcatian cf Trigonomebry. 

The projection of the opiiosite pole JT ther^re will be upon CB 
prodaced to a distance CIC = *-^ cot| APf the sign — signifying^ 
that it falls on the other side of C with respect to K» 
Fig. 8. • H. Suppose PE (Jig. 8) = 90% the chord EF will be a diame- 
ter, and the circle to be projected will be a great circle ; and 
the formula 

- _ gin JIP 

"" cos ^P + cos PJ^ 
since cos PE = cos 90 = 0, becomes 

- sin JiP 

it — —  

cos AP 

= tang^P. 

Thus the distance of the centre qf a projected great drdg from 

I the centre of the prinniroe, is equal to the tangent of the dinanee of 

tt9 pole froui the pole of the primitivef or, which is the same thing, 

equal to the tangent of the indinaiion of the great drde to the plane 

of projection. 

15. The other formula in this case^ namefyy 

- «pPig 

** "" cos ,dP + cos P^ 
becomes 



r = 



COB JiP 

5= secj^P. 

Tlierefore, the radtas of a projected great drde is equal to the se- 
cant of the distance qf its pdefrom the pole of the primiHvef or the 
secant of the indination of the great drde to the plane of projection^ 

16. With the radius of the circle to be projected, and the dis- 
tance of its centre from the centre of the primitire, it is easy to 
describe the circle upon the plane of projection. But it is to be 
remarked that the centre m v>Ul he in the plane of the great drde 
which passes through the pdes A, P, that is, upon the radius CD 
direded to the pdnt D, w^e tite perpendicular arc PDfatts. 

These sinvple formulas answer for all great circles. 
Fig 9. 17. If JP (fg. 9) =0, the pole of the given circle becomes 
the pole of the primitive, and from the formulas (1) (2) we have 

, iAnJlP _ 

"" co^dP + cos PE"^ 



A liyitlMIIII* Ai 

FhHB these formiilas it appears that all drdu parattd to ih$ j 
pltrnt 4^ fngectUm hao^ far their pngeded ctfUre, the centre rfthe 
primtfive* amdfor their radU the tangent of ha^ their dietamcee ret- ' 
peetiveti/Jram the pale rf the primitive. 

18. If dir (Ji;« 10) = 90% the general formulas hecoBue fig. lo. 

, mJiP _ 1 • -„ 

_ sill Pg _ sin f J5 _ ^^^ py. ^ 

"■ cos •flP + cos Pg cosPiB . ^ ' 

that is, drcfe^ either great ai^ small, which have their pole in the 
circumference of the primitive, have each, when projected, fbr the 
distance of its centre from the centre of the primitive, the secant of 
the distance of this drde from its pole, and for its radius the tan^ 
gent of this same distance. In the case of great circles, Pi£ = 90% 
and sec PE = sec 90^ or infinite ; and tang FE Is also infinite. 
Therefore the centres of great circles, which have their pole in the 
circumference of the primitive, being at an infinite distancefrom tike 
centre of the primitive, tiieir pr(yections wiU be straight lines pass^ 
ing through the centre of the primitive, and cutting each other at 
angles, which have for tJieir measure the distances of the poles of 
their circles from each other respeciivdy. 

19. When we have found the two poles JC, K' (Jig. 7), of a Fig. r. 
great circle by the methods already given (12, IS), we have two 
points of each of the circles that intersect each other at these 
points ; the projections of all these circles will have for a com- 
mon chord the straight line KIC, which joins the projections of 

the two poles ; they have all therefore their centres in the 
straight line VHX, which passes perpendicularly through the 
middle of KK' {Geom. 1 06). 

£0. The formulas which we have thus deduced analytically 
may be obtained by geometrical metliods. The formulas of 
articles 14 and 15, for example, may be demonstrated as follows. 



t The formula p^'""* = tan||^ ^ jR « 1, and 

jR + cos a jR ' ^ ^ •" ; 

a Bs P£, gives the above expression* It may be observed also that 
the result of art. 13 might have been obtained more concisely by means 

of the formula -« «* -Hr— ia the table above referred to. 

Ic — - cos a H 
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Fig* 8- If PJSss 90<> (Jig. 8), EF will be a dtamefer^ and the circle 
will be a peat circle^ and its projection will have ST for its di- 
meter, and I fi^T or mT for its mdias. Jtiin Om ; and 80T, 
having for its measure^ BPFf is equal to 90^. Therefore tiio 
cirele described upon 8T in the plane DBA will pais tfarougli 
the point (^Oeom. 128) ; consequently mO s= mT x: m8f and 
the triangle OniT 48 isosceles, and mOTssOTni; accordingly 
we have 

OmC =z mOT + OTm t=z ^ OTm 

= BO — DFi 

= no—DF 

= 90°— 1>F. 
But the. acute angles ofva right-angled triangle being conqile* 
ments of each other^ 

OmC = 90** — com. 
Therefore CO m is equal to DF9 and 

Cm the tang COm = tang DF =s tang indinatium ; 
and Om the sec COm s= sec DF =s sec indinatioiu 
If we produce Om to J^ we shall have 

Msz 2 JiOJ= 2 i^FoE a ^P, 
which furnishes this graphical method of projecting great cir- 
cles. Take .ir equal 2APf or twice the inclination, and draw 
OmI; m will be the centre, and mO the radius of the circle to 
be projected. 
Again, since mOCzs^DF, 

and OCfis= OF, 

we have by addition, 

mOC+OCB=:DF+OF 

= 90°5 
thra^efore , 

one =90''. 
yfe hence derive this other construction. Draw ORm perpen- 
dicular to CF9 and we shall have the centre m, and the radius 
Om of the circle to be projected, as before. 



t Through the point D suppose a straight liqe Df drawn parallel 
to TO. The angle//>i? » OTm, is measured by 

ABf«^i(BO^fO)^l[BO^DF). 
Therefore SiOTm^BO'^ DF. 
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£1. The ibniHibiB of article 18 are fiiiiiid.by a very sittple 
construction. When JP (fig. 10) = 90S iP coincides with D and Mg. lo- 
tiie pole of the given circle is in the circanferenee of the prlmi- 
tive. EF in this case is perpendicular to BD. Bisect the pro- 
jected diameter ^T in m, and jpin ,mEf mFp FC. As the pro- 
jected circte must pass through the pwats JB, F^ as well as S, Tf 
it foUows that mF zsmT, and mFTszmTF, whence we have 
FmC=zinFT+mTF:si%mTF 

^OB^FD (note top* 12.) 
= 90° — FCm 5 
consequently 

FmC + FCm = 90% 

and thes»fore CFm is a right angle, and Fm, the radius of the 
projected circle, is the tangent of DF or PE. Also Cm, tho 
distance of the centre of the projected circle from the centre of 
the primitive, is the secant of FE. 

£2. It appears from the construction just given, that Snh the 
projection of the tangent, i^m, is equal to Em* Indeed it may 
be shown generally that, since the angle OEm or 

8Em^\0DE = \0B + \DE^^b?J^\DE 
and 

£Sm = OSB = I 05 +1 DJS = 45 + -| BE (note to j). 6), 
the angles 8Em, ESm, ai*e equal ; from which \vc infer that 
Sm = Em» Therefore the tangent of a great circle terminating 
in the primitive has for its projection a line equal to this tangent,^ 

Let Em, Em' (fig. 11), he two of these tangents, Sm, Sm'fFlg.U, 
their projections, m m' heing joined, tlie two triangles 8mm' , 
Emm', will be equal in all respects, since they have two sides of 
the one respectively equal to two sides of the other, and one side 
common. Consequently mSm' = mEm'. Therefore, since these 
tangents make the same angle with eacii other as the intersect- 
ing circles to which they belong (Qeom. 471), we conclude that 
two great circles make by their projections the same angle tliat 
they make upon the sphere. 

23. In the case <tf an angle formed by two arcs of great 
circles which do not terminate in the plane of projection, the 
above theorem will hold true, for we may always suppose the 
arcs produced to the plane of projection, and then the tangents 
of these arcs will be equal to their projections, and the arcs and 
their projections will make the sarae angle. 
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In like manner arcs of raioU drdUf which hoot a common 
iideriedtiAn and common tangtnU wiik those of large drdeSf will 
make hy their fmgeetume the $ame angles which they make upon 
the sphere^ 

84. By means of the principles abore given» we are able to 
trace the different circles of the sphere and thus to represent the 
relative positions of objects in the heavens or on the earth. If 
for example it were required to project tiie northern hemisphere 
of the earth, as it would appear to a spectator at the south pole» 
the earth itself being supposed to be transparent ; in this case 
Vig. 13. the equator OBHF (Jig. IS) will be the primitivef, and its centre 
P will represent the north pole. .AP = 0, as in figure 9* We 
have therefore P for the common centre of all the parallels of 
latitude^ and for their radii PF, PF", &e.» the tangent of half 
their distances respectively from the nearest pole (IT). To 
draw parallels to every ten degrees, for instance, PF beinff 

taken equal to tang -> = tang 45 = radius:t=> ^^ ^^^^ \iz:v^ 

OAO "rAO 

PF' = tang ^ = tang 40»,FJ!"= tang '^= tang 35", 

* 66* 32' 

Pf radius of the tropic of cancer = tang -— — , &c« 

Considering these parallels with reference to their distances 
from the equator we mark the first 10% the second 20^, &c. 

As the»meridians have their plane passing through the eye, 
they will all be represented by straight lines intersecting each 
other at the centre of the primitive, and dividing the equator into 
arcs which measure the inclination of these circles to each other 
respectively (18). Thus GPff being the first meridian, 10 P 170, 
SO P 160, &c., will represent the meridians which pass through 
every tenth degree of longitude. In the same manner we may 
subdivide tlie arcs FF', F'F', &c., G 10, 10 20, &c., to any de- 
gree of minuteness, and thus represent the situation of cities, 

• 
t We here consider the paper as the plane of projection, whereas 
in most of the figures of plate 1 the plane of projection is represent- 
ed as perpendicular to the paper, 

\ For the method of taking these lines from the sector, see note at 
the end of this part on the description and use of the Plane Sealer 
Sectary ^^c. 
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inoiintainsy the several points of the boundaries of states and 
kingdoms^ rivers, coasts, &c., according to their latitudes and 
longltades* We can moreover refer these same lines to the 
Iieavens, and project the places of the stars according to their 
declination and right ascension. This is called a polar projec- 
tion of the sphere. It is more simple than the projection upon 
tbe plane of^ any other circle. It was used by Ptolemy in the 
oonstmction of his Astrolabe, and is sometimes preferred for the 
maps of countries situated in high latitudes. But, it is adopted 
for the most part in celestial rather than terrestrial planispheres, 
and especially for maps containing half of tbe heavens. 

GEHF being referred to the heavens, we may consider EF as 
tiie solstitial, and GHtiS the equinoctial colure. Accordingly 
tiie ecliptic will pass through the points Cf, e,H, and to represent 
this circle we have only to describe a circle which shalh pass 
through these points (Geonu 149); or conformably to articles 
14, 15, to take for a radius, the secant of £3^ 28', the obliquity 
of the ecliptic to the equator, and for the distance of the centre 
from tbe centre of the primitive, the tangent of this same obli- 
quity. Moreover the direction of this centre will, according to 
art. 16, foe in the line PF. 

25. If now it were required to project on the same plane 
secondaries to the ecliptic, we first find the poles of the ecliptic 
as in figure 7. Thus, JiBOD being nowf the equator, JieQ 
the northern half of the ecliptic, and JT, K', its poles, the centres 
of all the circles which pass through K, £*', will be in the line 
VEX. The circle KXK'V, drawn with the centre H and the 
radius HK, will pass through the equinoxes 0, J. Draw KQ 
making the angle HKQ equal to 10'', and K& making the angle 
HK& equal to 20% &c., and KO, K& will be the radu of the 
circles ICdKb^ E'itS/^ &c., inclined respectively 10% 20% 

'■ ' ' I   !■!  I II I I  I f I I .1 I II I II I I I I III I .< 

t In finding the poles A*, JT', we consider the equator BJ} perpen- 
dicular to the paper, A its pole, and P, P ', the north and south poles 
of the ecliptic. Having found £*, K\ in the manner already explain- 
ed (12, 13,) suppose the plane of the equator to revolve about its 
diameter BB through an arc of 90®, or till it coincides with the 
paper ; the eje. will be perpendicularly over the point O, and JT, A*', 
will remain unchanged. By supposing a similar revolution in figure 
6, the points S^ tn, T, will also remain unchanged (S6). 
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&e«, to the circle ICXIlV, or whose loqgitade is 10% 20% &C.9 
respectively (1 5). 
36. Circles parallel to the ecliptic are also easily traced upon 
ri^. 6. the plane of projection. If ^ (fig. 6) be the pole of the equator^ 
and P that of the ecliptiCy £F, the diameter of one of these cir- 
cles, will be rtpr-esented on the plane of projection by ST^ the 
centre of which will be the point m^ the middle of 8T9 and 8m 
will be the radius of the circle to be projected, and Cm the dis- 
tance of its centre from the centre of the primitive. 

27. We hkve given in figure IS the simjilest construction of the 
sphere upon stereographic principles, but the projection the most 
used, especially for maps of the world, is that which supposes the 
eye in the equator, and alternately in the two poles of the first 

Fig. 14. meridian. Let the primitive FEBE(Jig. 14), represent the first 
meridian, the place of the eye being pefpendicolarly over the 
point 90. FB will be the projection of half of the equator, the 
points JB, Hf will be the poles of the earth, and the straight line 
joining these will represent the meridian, perpendicular to the 
first meridian or the meridian of 90^ The other meridians are 
drawn like the secondaries to the ecliptic figure 7, that is, by 
taking for radii the secants of their longitude, or the secants of 
their inclination to the first meridian, and for the distance of 
their centres, the tangents of these same angles (14, 15). The 
parallels of latitude have for their radii the tangents of their 
polar distances respectively, and for the distances of their cen- 
tres the secants of these same distances (18). Thus 10 a 10 for 
instance is described with a radius equal to the tangent of 80% 
and from a centre whose distance from the centre of the primi- 
tive is equal to the secant of 80% and so of the others. This 
is called an eqiiatorial projection. 

28. The objection to these projections is that the lines of. 
the sphere are not faithfully represented in the proportions 
which they actually bear to each other. Of the arcs FE, F'Ep 
&Co each of which represents a quadrant, only the first is actu- 
ally OC*. 

Fig. 8. The circle described from m (Jig. 8), as a centre with a ra- 
dius equal to mO, will pass through the points and w9, which 
are diametrically opposite on the sphere. Thus the arc OSA is 
the projection or representative of an arc of 180% and OS9 SA^ 
represent 90® each. But 



ir 

05sO»Ss9e* — COM s90<>— the inollnatiM (ftO> 
Tn the same mamier it may be shown that the arcs F^E {fg. 14)» Figw Uk 
^Mf kc^ which represent quadraniSf are each equal to 90^ — the 
longilade respectively^ or to the complement of the longitude, 

A8. With respect to the paralieis of latitude* if BF (fig. 10) rtg. 10. 
be considered as a diameter of one of these cii'clest it will he 
seen from what has been demonstrated (il), tliat 

B8=: EmSszFmSzs 90~ FCm s 90° ~ FD. 
Thus the quadrants 10 a, 20 a\ (Jig. 14) of the paralleb of latitude Fif • 14r 
are each equal respectively to 90° — the polar distance^ that is» 
equal lo the latitude of the parallel. 

S9« It may be observed moreover^ that all the lines which 
compose a heimspherey taken together* are reduced one hal( 
since a hemisphere, which is equal to two great circles (Gesm* 
5d6), is rquresented upon the surface of one* While the parts 
near the centre are the most conti*acted, they are at the same 
time tiiose which, considered among themselves, most faithfully 
represent ttie corresponding portions of the sphere. In maps 
therefore of small extent, whetlier celestial or terrestrial, we can 
place the middle of k country or the middle of a constellation at 
the centre of the projection, and the r^resentation will be suffi* 
ciently exact 

SO. We have sometimes occasion to measure an arc on the 
plane of projection, that is, to know the number of degrees which 
it representGi on the sphere. Let BQD {fig. 15) be the primi- Fi|^. lau 
tive, lying in the plane of projection BDTf O the place of the 
eye, 8ITX\\e projection of the great circle FHE. Since JET is 
in both the planes BQD^ BFDOf it is their common intersection, 
and will consequently pass through the point A In like man* 
ner, because ICI is the commoM^ intersection of the planes 
BGD, PGOf it will pass throiign the point O. Hence, the 
points Hi Et being projected into J, T, it is plain that the arc 
HE will have for its projection the similar arc JT. But since 
JP£, OD, PIT and OG are each quadrants, if ED, HG, which 
are common, be taken away, the remainder or side PD will be 
equal to OE^ and FG to OH. And because the opposite angles 
DPG9 EOHf included by tliese sides are equal, the base DG will 
be equal to EH (Geom. 480). Accordingly AS, having been 
shown to be similar to, or the measure of IT, its equal DO ^01 
also be the measure of iT. 
Top. S 
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AgBAn, since PF Is equal to OBf if we add to c^sb of thesa 
FB, we shall have PF^ equal OBF; and OiT lias beQU shown to 
be. equal to PG. Consequently tlie two siieHPFB, PG^are equal 
respectively to the two OBF, OH, and they cont^i n equal angles. 
Therefore the third side BO'm equal to the third side FH» But 
JBQ is that arc of tiie primitive comprehended between the straight 
lines drawn from the pole of 81^ (the projection of FH) 
through its extremities. Accordingly BG is the n^easure oC 
8L Thei*efore any projected arc of a great circle is measured by 
that arfi ^ tlie primitive which is comprehended by two straight 
; lines drawn from the pole of the given arc througfi Us extremities* 

$!• The above theorem furnishes us with a convenient method 
Fig. 16. of. measuring a projected angle. The angle JlPF (Jig. 16), for 
example, formed by the intersection of two great circles dPO, 
FPE, being measured on the sphere by the arc which joins the 
poles of these circles, we have only to refer this arc to the pri- 
mitive by straight lines drawn from its pole through its extrem- 
ities. Thus K being the pole of JiPO, and k the pole of FPJ^^ P 
will be the pole of Kk {Geom. 467), and LM, intercepted on the 
primitive by the straight lines PKL, PkM, will be the measure 
of the arc on the sphere, of which Kk is the projection, that is, 
of the angle JlPF or EPO, the inclination of the given circles to 
each other. Therefore an angle formed by the projections of two 
great cirdes has for Us measure that arc of the primitive which ts 
intercepted by straight lines drawn from the vertex of the given 
mgl^ through the projected poles of the given drdes. 

Other methods of representing a spherical surface upon a plane. 

S^ In stereographic pmjection the parts of the sphere, as 
we have remarked, are most contracted toward the centre of 
projection ; v^hereas the reverse takes place with respect to or- 
thographic projection {fig. 12.) Now in the former case the eye 
is supposed to be situated in the surface of the sphere, and in the 
latter at an infinite distance. It is evident therefore that an 
intermediate situation may be taken, that shall preselit the dif- 
ferent parts of an entire hemisphere taken together more natur- 
ally. At the distance of three fourths of radius from the surface, 
in the plane otf the equator for instance, the meridians would 
appear nearly equidistant, and the parallels of latitude also 
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nttriy eqnidistftiit Bat tbese lines woold no longer be ciicular 
carves. It is moreover obvioos tbat the parts of a spberical.sur- 
face cannot be perfectly represented upon a plane in all their 
proportions and bearings. We may indeed divide the equator 
JPJB (Jig. 14)9 and the meridian BH into equal parts, and draw Pig* 14 
the meridians and parallels through these points, instead of the 
points ' of unequal division actually employed in this figure. 
This manner of representing the sphere is ^diibited in figure 
17. It is called by the constructors of maps a gMndar projec* 
tion. It shows the parts of the sphere more naturally and more 
nearly in their true proportions, but it is not strictly speaking a 
projection. 

53. There are other methods of representing |)ortions of the 
earth, when they are of small extent, especially in latitude, that 
are si^l more just. Let such a portion be comprehended be- 
tween the meridians PEP' (fig. 18), PIJP', M^ and R8 being the Fig. 18. 
extreme parallels of latitude. From /and JTthe middle points of 
the arcs J^R, JSTS, draw the tangents IT, KT, meeting the axis 
VP in the point T. The arcs JUR^ JV19, containing only a 
small number of degrees, do not sensibly differ from the tan- 
^nts IT9 KT9 and the space Jlffi<SJVrmay be considered as mak- 
ing apart of the surface of a right cone, which has its vertex in 
V. In order therefore to represent this space developed upon a 
plane, we take a radius equal to T/, and describe an arc M3f 
ifig^ 19) equal to JCI (fig. 18) ,• and having drawn TTM, TC/V, ^jff- 19- 
vre set off on each side of / and JT, L% IB, and JTJV, K8, equal ^*^' ^^ 
in length each to the &rca IMf IR of figure 18, or to their chords, 
which do not sensibly differ from the arcs. Then dividing' ME 
and J)rs into as many equal parts as there are degrees in the 
difference of latitude, we describe through these points from the 
point T, as a centre, arcs representing the arcs of latitude. We 
divide also the arc JiST into as many equal parts as there are 
degrees in the difference of longitude, and draw, through these 

t.That the arcs may be equal in length, the number of degrees in 
KI{fig. 19) must be as much less than the number of degrees in Kl 
(fig. 18), as the radius TI is greater than the radius LI (Geom. 
288); that is, the riumber of degrees in Kl (fig. 19) must be to the 
difference of longitude of the two meridians rEP, P'qP^ as /i, i]k 
radius of the middle parallel, is to TL ^ 



points and fh« point T stnilgibt lines representb^ tfce merittiiMu 
This being done, ttie seversd places oomprehended nuiy be de* 
signed according to their latitude and longitdlew 

S4. It wHl be perceived, that in this iciad of oonstmctioiiy aa 
in the preceding) ^^ the meridians tend to BMet iff the ssna 
point Bat in orthographic and stereographic projeetlony die 
points of the sphere are designed in perspective and the d^greea 
of tlie equator and tliose of the meridians are not represented by 
equal parts. In this the meridians are represented by straight 
linest and the degrees of longitode are equal among themsdvdi^ 
and tlie degrees of latitude are also equal to each other, although 
different from the degrees of longitude, which diminish aocord- 
ing as the latitude increases. This construction therebre has 
many advantages over those before given in particnlar cases^ 
It is not however used at sea to represent the path described m 
to be described by a 'Ship destined for a'partioalar place; 
As a ship, sailing upon a given point of the compass, maices the 
same angle with each meridian that she passes, if these raeridi* 
ans are represented by lines that converge to a pointy the route 
thus' described will be indicated by a curve, which would render 
the operations for finding a ship's [dace too ceoiplicated. 

35. To remove this difficulty, tfaroogb the points J, K, let the 
ms* 19. straight lines ^B {Jig. 19), OD, be drawn parallel to the meri- 
dian GT9 which passes through flie BHddle of the parallel !£» 
and we shall have the space before denoted by MMIBB, now 
represented by ACDB9 in which all the parallels are equal to the 
mean parallel JX*, and the meridians JO, JV8, becMne the 
straight lines AB, CD, parallel to GT; and the point of meeting 
T being at an infinite distance, tiie arcs •¥JV*, IK9 BS9 become 
straight lines perpendicular to OT; we hence derive the follow- 
ing method of constructing a chart. 

Having drawn a line QT at pleasure, to represent the meridi* 
an that passes through the middle of the chart to be constructed, 
we divide it into as many equal parts as there are degrees of 
latitude to be comprehended. Through the middle 6, we draw 
the perpendicular IGK9 which will represent the middle paraUel, 
and in order to determine what must be the length of 6/, GK$ 
to answer to tlie required number of degrees of longitude, we 
must recollect that similar arcs are as their radii, and that con- 
sequently arcs of the same number of degrees, taken upon dif- 



lenat plraHebf mrtmik^ msiiiea ^.Ihe latttnte idihmt t$ni* 
lelat. Accordingly irith a ra4iiip (Xi (J%. dl) equal to the mmid« Figi fl. 
ed maghitttde of a degree of tbe aieridiaii» «|iich ia alao.that of 
the eqwitorf>we describe the are k/lBof a namber of degteee eqaal 
to ttnt eantained in the middle latitude^ aad let fall apoor CA the 
penpeodicolar £P» whieh will give CP, for the Migattade of 
each d^ree of the paraUeU For in the right ai^ed triaaglo 
CBPm have 

CB wCAiCP'.t A : alti CBP or coa BCP. 
Notv radhia jR 19^ by construction eqoal to the cosine of the latl* 
tilde of 0«. We qyly^ therefore, CP from O {Jig* 20) toward Fig. 30^ 
/ and toward K9 as many times as there are degrees in half the 
eactent wUcfa the chart is to have in longitude ; then drawing 
tbroiigh the points of division of. QT lines parallel to IK9 and 
through the divisions i^IK lines parallel to QTf we shall have the 
parallels and mertdhins, by means of which it will be easy to note 
down the difibrent places comprehended according to their lati* 
tilde and longitude. 

56. Charts of this construction are more convenient than the 
pffeocding^.and may be advantageously used for small distances^ 
and especially between the tropics, where the meridians are near* 
ly paralkil. But they become less exact, according as the dif- 
ference of latitude comprehended is greater, and according also 
as the middle latitude is grater. They give the d«|^es of the 
parallels too small on the one hand and too great on the other. 
To remedy this defect and retain at the same time the parallel* 
ism of the meridians, the following chart, Cialied J\/kreaUr*Sf has 
been contrived. 

37. This chart is, pnqieriy speaking, only a development of a 
cylinder, which may be supposed to drcumscribe the globe, having 

I _ - ^■.li i I I ~1  — ' ' ' * 

t Since the circamferences of circled are as their radii, and corres-' 
ponding parts, or arcs of the same number of degrees, are also as their 
radii, we shall have qE i KI (fig 18) : : CJS : Ll But CE is radius ^. 
and LI is the sine of PI or cosine of EI the latitude ; therefore ({B 
is to^£f as radius to the cosine of the latitude of £1. In the same 
manner it may be shown that ^E is £*/', the corresponding arc of 
any other parallel, as radius is to the cosine of the latitude of K'l' $ 
heaee the length of the arc KI is to the length of the arc KTj as 
the cosine of the latitude of the former h to the cosine of the latitude 
of the latter. 
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its axis cbineidiiig with that of the eardiy and its dtaioeter eqwd 
to that or the equator, its length being without limit. It it not 
therefore a projectioBf or such a view of the lines ri^resented 
upon it as would be presented to the eye at any particalar point. 
The object of the constnietiDn is duply to render themeiidianB 
parallel without changing the ratio of the pa,rts of tiie meridian 
to the corresponding parts of the parallel. To eflect this» instead 
of diminishing the length of the degrees of the parallels, ac- 
cording as the latitude increases, we make them throughout of 
the same magnitude, and equal to the degrees of the equator, 

4 which necessarily renders the meridians parallel. Bat we en- 

large at the same time the degrees of any great circle, according 
to the distance of tliese degrees from the equator, that is, ac- 
cording to their latitude. Thus, since tlie magnitude of a de* 
gree taken upon any parallel, is to that of a degree taken upon 
\ the equator, or upon any great circle, as the cosine of the 
latitude is to radius (55), or as radius is to the secant of the 
latitude (Tri^. 8), if we make the degree of each parallel 
equal to that of the equator, the degree of any great circle, a 
meridian, for example, at any given distance from the equator, 
must have for its value a degree of the equator, augmented in the 
ratio of radius to the secant of the latitude, that is, multiplied 
by the secant of the latitude and divided by radius. 

In Mercator's chart, therefore, while the degrees of the paral« 
lels are all equal to those of the equator, the degrees of the me- 
ridian, or of the latitude, must be unequal, that is, they must in- 
crease as the latitude increases. We should fall into a mistake, 

Fig. X8. however, if, in inking MJi (^Jig. 18), RS, as portions of two par- 
allels, distant a degree from each other, we should conclude from 
what is said above, that the arc JVjS of a degree which measures 
* the distance of these parallels, is to be expressed upon the chart 
by a line equal to a degree of the equator multiplied by the se- 
cant of the latitude divided by radius. It is very true that at JV, 

D X sec l?t?V* 
a degree of a great circle is equal to =^-2 — ,Dbeingade- 

gree of the equator ; and for the same reason, at the point 5, a 

D X sec OS 
degree must be equal to — — ^ — ^. But these quantities being 

different, neither the one nor the other can be taken as the meas- 
ure of the distance between the two parallels MM', RS. The 
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former would be too small, and the latter too great Iff there- 
fore, instead of supposing the two parallels distant fnnn each 
other a degree, we consider them as separated only by an arc of 
one minute, we shall have for the length of one minute of the 

meridian at M*, ^ — ^^ ^ -9 M being* a mintite of the equatar, and 

for the length of a minute in S — ^^^ , qoanttties that dfifer 

but very little from each otiier, and of which either may conse* 
quently be taken as the measure of a minute extending from K 
to Si or of the space that is to separate these . two parallels on 
Marcalor's chart. 

S8, We see therefore that in order to calculate the augmen- 
tations to be allowed to the parts of the meiidian relatively to 
the augmentations given to the parallels in the construction of 
this chart, we must suppose the meridian divided into very 
small portions 3 then one of these portions, multiplied by the 
secant of the latitude, and divided by radius, will give the cor- 
responding line on the chart, and with greater or less exactness 
according to the smallness of the portions into which the meridi- 
an is divided. We shall attain to all the accuracy necessary for 
practical , purpose^, if we divide the meridian into minutes. 
Thus in order to find the length to be allowed to the meridian 
Intended to mark a particular latitude, it is sufficient to take from 
the common tables all the secants, from minute to minute, from 
0^ up to the latitude in question ; and the sum of these secants 
divided by radius will give the number of minutes, which being 
applied from the equator in the direction of the meridian Will de- 
termine the degree of the latitude required oi\ the chart. The 
results thus pbtained for the different parallels are called meridio^ 
nal parts* The relative lengths of degrees from the equator to 
the polar circle may be seen in figure 22f . 

I !■   • • '■■ i -I II  ^  » II » ■■! ■! ■Ill I. -Ill 

t There is some intimation of this method of representing the lines 
of latitude and longitude in the writings of Ptolemy ; but the first 
chart constructed upon this plan was published by Oerard Mercator 
in 1566. The theory, however, does not appear to have been under- 
stood at this time. In the year 1599, Mr. Edward Wright published 
his Correction of Errors in Mivigationy in which the principles of 
the chart are fully explained. l)r. Hailev first showed that the arti- 
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Of Qnomonic Projection, or DiaUing, 

SO. DialHng consists in drawing lines to represent tlie inter- 
sections of the planes of the meridians with any assumed plane or 
other surface. The Hme io which the siia apparently completes a 
revdution about the earth being divided into twenty four parts or^ 

hours, his angular motion MriU be at the rate of _ or 150 in an 

Figi 33. hour. If we conrfder the axis of the earth PF' (Jig. S3) opaque, 
the earth itself being supposed to be transparent^ the sbadow of 
PP* will coincide with the plane of the meridian opposite to tbe 
sun, and will move at the rate of 15^ in an hour. Let ZPJSFJV^te 
tbe meridian of any place 2^ ; the sun being in this plane at ttoont 
the shadow of PP will coincide with the plane PRP', and viill 
intersect the plane of the horizon ^TOR in RC. After one hour, 
that isy at one o'clock* the shadow will fall in the plane PIP 9 and 
after two honrs or at two o^^lock, it will fall in the plane PHP^ 
&c. Now these meridians b^ing inclined to each other at an- 
gles of 15% we shall have RPI = 15% RPUs: 90% kc. Moreover 
PR is also givdn, and the angle PJtf is a right. Whence in ike 
qiherical triangle PRI9 right-angled at R, we have two parts 
given, PJl and RPI, to find a third Rl, which is the measure of 

IM I I 1 - J I I llll I I I 11 II I 

ficial meridian line is a scale of logarithmic tangents of half the 
colatitudes beginning with radius. 

Beside the charts above explained there is one in ivhich the degrees 
of the parallels of latitude are all of the same length and equal to 
PI 20. ^^^ ^^ ^^^ meridian* If the divfsions of IR(Jig. 20) were made 
equal to those of ^T, we should have in figure 20 such a representa* 
tion of a portion of the earth's surface. This is called a plane charh 
^ No allowance is made for the diminution in the length of the degrees 
of the parallels. Accordii^ly it can be used for spaces of small 
extent onl/ at a time, or where there is very little convergence of 
the meridians. The methods of finding a ship's place &C.9 foufided 
upon this chart, are comprehended in works on Navigation under the 
title of Plain Sailing ; those which depend upon the chart represent- 
ed in figure SO, as it is actually constructedi are included under the 
head of Middle LtitUude SaUing ; while those that are derived from 
the principles of Mercator's chart, fall under the denomination of 
MeTcatm^$ Sailing, Examples of each kind will be given in the 
next chapter. • ^ 



tbe plane angle RCI, formed by the XII andi o^cloek hoar 
lines. Accordingly, PR being^the middle part, and RPI (com- 
plement) and RI the adjacent parts^ by the firot at NapieFa roles 
(Trig. p. 64) we have 

sin PR = cot JBP/ tang JU= , - ^ . tang RI, 

whence 

tang RI = sin PR tang RPI 
In like manner tang RII ^ sin PR tang XFJJ. 

Therefore tht tangmis of tA« flme angles XII C I, XII Cfl, 
^Cm ar< egiiol reqiedfeafy to the sine 9§ the fdar dbtaace^ maHU 
flied by tht tangent rf the horary angfs. 

40. When PR is less than 90^ we have PRssEZst the I^ 
tude of the place Z, andthe above expressions become 

tang RI ss: sin laU tang 15^ 
tang IUT=: sin UU. tang dO. 

If the latitude of the given place^ that of Craibridgefer instanoef 
be 40? 23' £8% we have only to add the logarithmic sine of 42^ 
£3', 28" taken from the tables, to the logarithmic tangent of 19% 
80% &c., successively, and the smns will be tbe logarithmic tan- 
gents respectively of the arcs Rip RII, &C4, or of the rectilineal 
angles Xnc I, XUCU, &c 

We have considered the plane of the horizon as the jlane tjf 
the dial, and the axis of the earth as the gnomon or sttfe. But 
if we take at Z a plane nor parallel to JV*Oit, that is parallel 
to the horizon, and cp parallel to CP, th& shadows cast by CP 
and c p would, on account of the great distance of the sun, be 
sensibly parallel, and move at the same rate. Cooseqirnitly the 
hqur angles 12cl,12c2, &c., may be considered as equal res* 
peclively to XII CI, XUCU ftcf. I'herefore the fommla above 
given will enable us to draw the hour lines c 1, c 2, &c. And to 
subdivide the hours into halves, quarters, &c,, we have only to 

t We may suppose ep equal in length to CP^ and the plane nor 
of the same dimensions as JV*OjR, and the shadow would obviously 
revolve upon the one in the same manner as it revolves upon the 
other, and the hour angles formed at the centres, C,«, being the same 
upon both, these are not affected by the lengths of the lines that con^ 
tain them; we may therefore take cl, c2| itc,, as well as epfofkoj^ 
eonvenient length to suit oui](purpos§« 

Top. 4 



take the angle P equal to ^, Ir., 4t. We driw the Uneg on 

3 4 

the ^therside «C c id in ti^ «aiiie ou^iMr^ and namber them U, 
10, &c. These are to be extended each wi^ towiird c n* so as to 
comprehend the time during which the sun is above the horizon 
on the longest di^9 according to the latitude of the place, cp 
may be represented by a straight rod, or more conveniently^ on 
account of its srabUityt by the edge of a triangular plate p c 12, 
having its plane perpemlicutar to the plane of the dialt and its 
base c 12 resting upon the )2 eVlock hour litie, the angle pclZ 
helaig eqwal ta the latitude of the place. This is called a hari»on- 
ial dial* Other dials take their name in libe manner from the 
poaltioa of the assumed plane* on which the Intersections of the 
{dancs of the meridianSf or hour circles, are traced. 

41« Let us suppose the plane A*OJZ to shift its position so as 
cut the planes of all the meridians at right angles, that is, to be- 
oanatte plane of the equator E^. The formula above given 
Mrill still be appUcaUe ; aadeince sin PR^Pqz^ sin 90 s 1^ w« 
shall have 

tM|g JZI s sin PJK tang BFI 

x^im$MPJ s tang IS'' 3 
also tang HJT = tang BPJI a tang 30% 

*»♦; 

that is ii/» 1 5% JZZr » 80% &C. 

' Coflseqpienay m I lf» &c«» are all equal among themselvest and 
eaeh equal to 15% and the plane an^es XII Chi Clip Ac,, are 
als* equals amd the shadow moves at a uniform rate, the stile 
Ming perpeadieitlar to the pbtne of the ^al. We may now, aa 
in the former case, soiipose a second dial at Z, constructed Jn 
«ie same masiner^ having \U plane and stile, parallel respectively 
to those of the first, and the same time will be indicated upon 
both. In other woi^s, we describe a cifcle of a convenient sisw 
upon a ^ane, divide it by radii drawn fitun the centre into por- 
tions of 15"^, for an hour, 7"" SO' for half an hour, &c», insert a 
rod at the centre perpendicularly to the dial plane, and place tlio 
dial an that this rod, representing the axis of the earth, sl»all be 
aimated like tp^ thait is» in the {dane of tiie meridian, and mak* 
ing an ai^ with the horiaon equal to the latitude of the place* 
Tilts wouM be an egntnoeftaZ dial^ since its plane is paraUel to 



dMit ttf tlM eqMrtor. H ipwld moiMTerbe a Wrivoiild did at 
the pole, and a vertical smUh dial at tha eqoi^or. 

49. To constract a vertical south dial for any oAer latitade 
X9 let us suppose the plane JfOR to change still further tUl It 
comes into a vertical position facing the souths as ropreaented ia ^. , 

figure £4. At noon the sun being on the meridian of the pkicOf -^'1 ^ ^' 
or in the plane of PEF^ the shadow of PF' will intersect the / 
plane ZOR in the straight line CZU; after one hoar the sfaadovt 
of PP' v^ ill be projected in the direction of PIF^ intersecting 
XOR In the straight line CI9 and so on. Thos the hour anglea 
MCIf RCn, &c.^ being angles at the centre of the circle XOMf, 
will be measured as bdore by the arcs lt/9 RU, Ae^ and these 
arcs are dptermined by the formula already employed j for in 
the spherical triangle PRI9 right-angled at R, we have etill the 
angle RPIsz 15% and 

pRz=pq + qRsiPq + BX^9o'^ 4. toe. 

IVhence^ since sin PR = sin FR s cos IJB s cos BM, we bafe 

tang Rl^ sin PR tang RFt 
at sin P'R tang RPI 
a: cos lat tang 15^. 

Potting for RPlf 30<», 45»9 kc.f we obtain by the same formula 
the ether hour lines. Also, as in the former case, we may sup* 
pose at Z another dial %aZ having ita plane coinciding with 
ZOR9 ami provided with a rod cp' parallel to CP' ^ and ad the 
shadow of epf will revolve upon the pian^ « a JF seitaiUjr . in the 
same manner and at' the name rate as the shadow CP* revolves 
upon the plane ZOR, the hoar angles IdcU iaca» AcCf maj be 
considered as equal to XHCIf ZDOIT^tevi attd amy baoampat* 
ed by the sameformala. 

43. It is evident that other planes migU be asooaied and the 
angles calculated in a simflar manner. But tiie above will be 
found sufficient, especially, as clocks and watdhes have noW 
taken the place of dials, and the latter are rendered of littie use 
except to regulate the former, and afftird occasionally an exercise 
to a speculative mind. Besides, the horizontal dial is the one that 
is commonly employed. It is the most convenientf because it re* 
quires the boor angles to be drawn only on one sarfiace. In the 
Yertleal south dial, ht instanee, at the time of the eqainoxesy or 
wh^ the son is in* the plane of the equator, he rises and seli In 
Am plane of ZOR and when his declination Is toward P, the 
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nartlieni fkce of ite pfauie ZOS is UkNiiiiiated aOmt tinrbe iiH 
the sun reaches this planet and before sunset after passing tiiis. 
plane. So also in the equinoctial dial» its plane being represent- 
ed by that of the eqaator^ the soatbera face will be ittnninateA 
when the son is on the south side of the equatoTt and the north- 
em face wlien the sun is on the north side of the equator. 

44, After the lines are drawn upon a plane intended for a 
horizontal dial^ according to the formula above givcm, it nay be 
{daced in a boriaontal position witli sufficient accuracy by means 
of a spirit level, or by a4|usting-it in such a manner that water 
put upon it shall not incUne. more to one side than to anoUier. 
' 45« If the dial after being leveled be turned tttl the shadow 
of the stile fidb upon the 12 o'clock hour line, when the sun's 
centre is on the meridian, or at the time of apparent noon by a 
well regulated clock or watcbf, the a^ustoMot of the dial is com-! 
pleted, and this is the . most convenient way of determining a 
meridi&n line for a diaL But a more common method is to make 
use of two stars that are in the same horary circle or celec^ial 
meridian, and observe the position of a vertical plane that cuts 
them at Uie same instant* It is customaiy to take for this purpose 
the pofe star and the first star in the tail of the Great Bear^ 
called Alioth^f which are on different sides of the pole almost 

t The error of the clock or wateh, in this case, and its rate of 
goiag fihmiM be carefolly asoertsined by astrsaomteal obiervations. 
The meAod of doing this will be shown in the chapter on the fiEoIu- 
Hm cf ProbkmB in Sphnrietd Tr^^ommdrjf* 
^ I The star AHsth or f Urs» Majoris may be recognized in the 
heavens from its sitoation in figsre dff, relative to the more remarkable 
stars ia its neighbourhood. The stars thus selected should have the 
aame right ascension^ or should differ in their right ascension 180''. 

Right ascension of Alioth, beginning of 1820 19^ 32' 4Sf' 

Pole star 14 12 21 

Difference 177 £0 21 

If the right ascension of the pole star were 2° SD* 39" less, the two 
stars would be on the meridian at the same time. But as the pole 
star revolves arotind the pole in a circle of only about a degree and 
two thirds, an arc of this circle of 2** S^ 39^ would be seen under 
sn angle ^^f not more than three or four minutes, which would be 
ineonstd^rable on a dial. The stars • Ophiuci and |3 Dr^conis diSi^r 



dianetvicalljr oppositt to each oihery ud which coBseqsenily 
pass the meridian of any place nearly at the same time. When 
thereibre these two stars are cut by the vertical wire of a teles- 
copef 9 adjusted to move in a plane perpendicular to the horizon, 
the axis of the telescope is in the plane of the meridian, and by 
inclining it toward such objects as are situated in this plane at 
a proper distance, we can note the points that are necessary for 
traeing a meridian line at any time. 

When a telescope cannot he procured, two plumb lines may / . ^ 
he used for this purpose, as represented in figure 526, being so r^ w 
disposed as to admit of the two stars being seen in their plane at ' ;y 
the same moment ; then the line JB joining their horizontal pro- 
jections will be a meridian line. 

46. We proceed in the construction of dials according to the 
principles of pore geoowtry, and jipon sui^ositions that are not, 
strictly speaking, founded in tiwth, 1. The natural days, or times 
of the qiparent revolution of the sun, not being perfectly equal, 
the apparent m6tion of the sun firom one hour circle to another 
is not precisely uniform, but is alternately accelerated and re- 
tarded in the course of the year | so that a dial will, when com- 
pared with a good clock, be found to loose and gain alternately 
at the rate of from half a minute to a few seconds in a day, tifi the 
difference araonnts at a maximum- to a little mcwe than a quarier 
of an hour. But this departure from a nniCMvi measure erf time 
admits of bdng calculated, and is generalfy entered upon the 
dial in a small table entitled <' equation of ttme.^ To explain the 
cause of this departure and the method of estimating its amount 
at different times belongs to astronomy. 

2. We suppose the apparent revolution of 4ie sun to take 



in right ascension only about 6' (1S£0), and they are both stars of the 
second magnitude, and conveniently situated for an observation of 
this kind. 

t The vertical telescope of a theodolite, hereafter to be described, 
is well adapted to this purpose. Also where the latitude of the place 
is not known ; by taking with the theodolite the greatest and least 
altitade of the pole star, that is, the altitude when Alioth is in the 
same vertical circle below and above the pole, half the sum of these, 
corrected for refraction, will give the latitude sufficiently accurate 
for the construction of a dial. 
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place in ckclcfl parallel to (he equator^ wherea^^ on accednt of 
his continiud change of decUnaliony except at the sobticeay these 
daily motlMiis are performed in a kind of spiral curve that it 
oonstantiy incUned nore or less to the meridiaiiy by which the 
forenoons fall short of the afternoons from the winter to the 
sommer sdsrice^ and exceed them during the rest of the year. 
But the error arising ttom this cause is not perceptible in the 
small arcs « hich measure the ttme near to noon^ when the dial 
is HMMst likely to he osed# 

8. We make no allowailce for refraction* or parallax, or the 
circumstance of the shadow being determined by the son's limb 
instead of his centre. Refraction at a mean elevates the sun 
when in tlie horizon^ about a diameterf and when this takes 
I^ace at right angles to the h(»ur circles* as at the equator, or 
when its whole effect is to acet!terate or retard the progress of 
the shadow on the dial, it amounts, at the rate of 15^ to an hoar, 
to ahoat two mitu^es. But this eflfbet dimiinshes, as the lati- 
tude increases, and becomes nothing at the pole. Besides, we sel- 
dom make use of a dial, while the sun is less than 8^ or 10^ above 
the horizon, when the refraction, and consequeiMy Us influence 
upon the time indicated by the dial, is reduced to a small part 
of what is above stated. The elbct of parallax is altogetber 
insensiblef . With regard to tiie shadow of the stile mi tiie plane 
of the dial, the extreme part of it or rather of the pemnnhra, 
corresponds, in the forenoon for example, to the eastern edge 
of the sun, and the extreme part of tiie perfect shadow to the 
western, and the middle of the penumbra will correqiond to tke 



t It is true that the plane of the shadow of c p {Jig. ^) is inclin- 
ed to that of the shadow of CP, and when the latitude of Z is 0^ the 
perpendicular distance of these planes is a maximum, and equal to the 
radius of the earth, and the IncHnation of the planes is equal to the 
sun's horizontal parallax (8"). Suppose a plane passing through c p 
strictly parallel to the shadow of CP, this plane would make an 
angle of 8'' with the shadow of cp. There being 1296000'^ in 360% 

^' would be i^Q^^QQQ uf a circumference. If the circumference of the 
dial were 30 inches, for example, an arc ef 8'' would he ;_-^^j^ of 30 
inches, that is ^^ or ^ of «n inch. 
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sun's centre. This defect flierrfiire mmj be n a d hgi ee cerred- 
ed ; and ttie others do not exist even in Hncotrj at noon, and are^ 
taken together, inconsideraUe ibr sonie time before and after 
ncran ; so that the hours the most EtTonraUe to atcoracy am 
thcMM daring which we hare ordinarfly most fre^aent occasion 
to make use of this instrument 

Dialling is considered as a projecfion of the sphere, because 
the lines CXII {fig. 23), CJ, traced upon the assumed plane, Ffa- aSi 
are properly projections of the hour circles PJI, Tl^ &r., or such 
representations of these circles as, referred to the assumed plane, 
^would be presented to an eye situated at the centre C. While 
therefore in orthographic projection the eye is supposed at an 
infinite distance, and in stereographic projection at the surface 
of the sphere^ in gnomonic projection the place of Ihe eye is at 
the centre* 



> 
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CHAPTER IL 

Cfihe BdMim afPrMenu m Plane Trigonometry. 

47. Rvufis have been investigated (Trig. 32, 35, 38) for the 
flolution of all problenis that occur in the calculation of lines 
near the surface of the earth, where plane triangles only are 
concerned. In these cases it will be recollected that of the six 
parts of a triangle three parts are required to be known ; and 
of these one at least roust be a side, since the same angles may be 
common to any number of trianglesf • 

Mensuration of HeigkU and Distances. 

F^« 2T. 48. The distance BC (Jig. 27), measured in a direct horizon- 
tal line from the bottom of a steeple^ being 200 feet, and the 
angle of elevation ,fl 6 c 47° SO', the height AC of the steeple is 
easily found. 

As the sin 6 j9 c = cos «dft c = cos 47^ 30' • • • . 9,82968 

is to ( c = 200 feet 2,30103 

80 is sin .d i c 47'' 30' 9,86763 

12,l686d 
9,82968 

to the height j9c=: 218, 26 2,33808 

We have here subtracted the logarithm of the first term from 
the sum of the logarithms of the second and third. But a 
shorter wliy would be to take the arithmetical complement (Mg. 
248) of the first logarithm and add it to the two others ; thus, 

0,17032 
2,30103 
9,86763 

2,33898 
the same as before. 
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t Of the manner of measuring the necessary angles and sides^and 
of the instruments 4hat are used for this purpose an account is given 
in a note subjoined to this part. 



tkighis and IK^toneelt 9^ 

In the solQtion of this problem we have made use of the theorem^ 
the sines ofthe,angle$ are to each oOier as the sides opposite to these 
angles. We might .also apply the rule given for right-angled trian- 
gles (IVe^. 90)9 namely, radius is to the tangent of one of tlie acute 
angleSf as the side adjacent to this angle is to ilie side opposite; thus^ 

As radius or sine of 90'' . JCOOOOO 

is to 6c 2»30103 

so is tang wafec 47° SO' , 10,03795 

to the height ^c = 218,26 2,33898 

if we add to this bB or cCj tlie heiglit of the instruiQQnt, we shall 

have the whole height *AC* 

49. It is reqpiiTQd.to find the perpendicular height AC (Jig^ 28) Fig. 2t< 

of a hili, the angle of elevation of which JiBC at the bottom is 

46'', and the angie JiDC, taken 100 yards further off on a level 

with the bottom SF. 

Then • « ABC — ABO - DAB, 

that is, 46^ — 31^ = 15% 

Hence, as sin D'Ali =*15^ 9,41300 

is to 2)1/ ==100 ,.,...,, , «,00000 

so is sin I? .= 31** . ^ , . , , . 9,71184 
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to AB. . '. : 2,29884 

Then, 

as radius r= sin 90"^ ... •#•....•... 10,QQOOO 

^ to AB • 2«29884 

so is sin AfiC =: 4^"" . « . ^ . • • 9,85693 

to the height wlC= 143,14 2,15577 

50. It is required to find the perpendicular height of a cloud 
or other object, when its angles of elevation, as taken by two 
observers at the same time, on the same side of it, and in the 
same vertical plane, were 64*^ and 35°, their distance apart being 
half a mile, or 880 yards. 

It is evident from figure 28, that this problem may be solved 
in the same manner as the last. 

51. From the top of a tower AC (Jig. 30) 120 feet high, the Fig. 3«. 
angles CAB9 CADf formed by the perpendicular wall and lines 
drawn to two 4>hjects B, 1), situated in the same plane with AC 
being measured and found to be 33^, and 64"^ 30', what is the 
distance of the two objects B, D'i 

Top. 5 



As radius or sin go^" lO^OOOOd 

is to .tfCs 120 feet 2«079is 

so is tang BaC s SS"" 9,81352 

to BC:=i77^9S 1,89170 

In lilce maDner DC is found to be = SSlySd. Hence 

DC—BC=zDB=: 173,65 feet. 
Pif. 31. 52. Given B€ (Jig. 31) = 100 yards, the angle B =s 53% and 
the angle C =: 79^ 12', to find the perpendicular distance AD. 
Then A + B^C — {B + C)^A, 

that is 180 — (53*» + 79* 12') = 47° 48' = BAC. 
Hence, 

As sin BJC=:47* 48^ 9,8697# 

Aritb. comp. • • . 0,15020 

is to J?C = 100 2,00000 

so Is sin C=: 79"" 12^ 9,1'9£24 

to JIB • 2,12244 

And 

as sin D 3= radius 10,00000 

is to ^iSr • 2,12244 

so is sin B=z SS^ 9,90235 

■I 

to w9D = 105,89 2,02479 

Fif . 3<s. 52. The height of an oheltsk {Jig. 52) standing on a hiil be- 
ing required, we measure from its bottom a distance CD = 40 
feet, and tal^e the angle JCI>= 41*, and then measure another 
distance CB = 60 feet in the same direction, and take the angle 
JBD = 23° 45'. 

Now, since tlie exterior angle of a triangle is equal to the 
sum of the interior opposite angles, we have 

JiCD — ABC=BACj 
tliat is 41° — 23° 45'= 17° 15'. 

Hence in the triangle BAC. 

As sin BAC=^ 17* 15' 9,47209 

Arith. comp. . 0,52791 

is to the opposite /IC = 60 1 ,778 1 5 

so is sin ABC = 23'' 45' 9,60503 

to the Opposite side wSC = 8 1|40 1,91109 



\ 



35 

A» CJi + CD z= UU49 t/)845S 

7,91547 
istoCJco CD = 41,49 : I,6l79t 

aowttiig^^^-±-^^=^»S^*5^ • .10^2726 

totoBg^?54i2£=tang42»a4'J. . . .9,96065 

And 69'' 3(/— 4^'' 24'| = 27^ 5'^ ^ CAB. Lastly, in the same 
triangle ACD ; 

As sin C.^ = 27^ 5'| 9,65B40 
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0,S4;60 

istoCll=i40 1,60206 

so is sin .tfCAs 41*' • . • 9»81694 

to .AD = 57,624 1^76060 

5"^. It is required to find the horizontal distance of an object 

AD (Jig. 33) thait is inaccessible. An^es of elevation being l^ S3. 

taken at C and £, situated in a direct line from JD, namely, 

JiCD = 58'', and ABD = 32% and the distance BC being found 

by measurement =100 yards, 

we have MB — ABC = BAC, 

or 58° — 32^ =s 26% 

Then in the triangle ABC 

AssinJMI7=26^ 9,64184 

istoBC=100 2,00000 

soissindflBC=32'' 9,72421 
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to ^C ^y 2,08237 

And in the triangle ACD 

As sin ADC =i 90"^ 10,0000a 

is to .40 2,08237 

so is sin of CAD or cos ACD = cos 58" • • 9,72421 
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to C2^ = 64,06 yards . ^ ...... . 1,80653 

54. The height and distance of an object (Jig. 34) on the top Fig. 34 
of a hill being required, we measure from an assumed station 
B a base iUV*of 642 yards up the sloping ground BC dire( tly 
from 0, the points A, B, J>r, being in tlie same vertical plane j 




^ d6 Jlppbeaihn Oj 

then having set up a staff B8 of a height equal to that of the 
theodolite .^tTV*, we take our station at JV*, and flfid the angia of 
elevation OAHol the object = 3" 59'f and the angle of depres- 
sion UA8 of the point 8 = 39^ tlie angle of elevation OF 8 at B 
being 5" 52' ; jB12 and 0^ are to be found. We have 
OAH + HAS >= OASj JiSF [or 180 — HAS] — 08P s 0&«, 
or 
3" 59' + 0« 39' =5 4° 38', 179^ 21' ~ 5« 52' =5 173" 29'. 

Hence 

1 80° — (0A8 + OSd) = MS 

180" — 178° 7' =1° 53'. 

Assin JOiSfs:l°53' 8,51673 

1,48327 

i8toj9iSf=642 2,80754 

80 is sin OJS 4" 38' ... 8»90730 

to 80 3,19811 

As radius or sin 8P0 = 90" 10,00000 

is to 80 » . 3,19811 

so is sin OSP = 5° 52' 9.00951 

to OP = 161,3 2,20762 

As radius or sin 90° 10,00000 

is to 6fO 3,19811 

so is cos OfifP =3 5° 52' 9,99772 

to fifP = 1 569,75 • . . . 3,19583 

The height of the instrument SB or PR being added, we shall 
have the height of the point O above the horizontal line GU» 
55. Let it be requii^ed to determine the distance of an inac- 
Y'tg. 29. ccssible object (Jig. 29) from a given point A or B, when an in- 
strument for measuring angles cannot be procured. We take a 
point a in the direction OJi, and a point 5 in the direction OBf and 
measure each side of the two triangles daB, JIB b, namely 

AB = 500 yards 

a .^ = 100 i? ft = 100 

aB=560 .3 6=550 

<{ ^) Then in the triangle Jlallto find the angle a AB (^Trig. 38), we 
add the three sides together^ which gives 1160^ and from half the 
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mA 58o» we subtract each of the sides Ji Of JtB, snccessiYeiy, and 
the remainders lire 480, and 80^ whence 

480 log. 2,68124 

80 log. 1,90309 

500 log. Arith. comp. 7,d0l0d 

100 log. Arlth. coinp. 8,00000 

Sum 19,88536 



half sum or log. sin -| a dB 9,94268 

which answers in the tables 61° IS' 20" ; therefore 

aJB = 192°24'40", 

This taken from 180° gives the angle OAB = S?"" 35^ 20". In 
the same manner we find the angle OB^ = 64° 51'. The sum of 
these 122° 26' 20", subtracted from 180% gives the angle 

O = 57° 33' 40" 
from which the sides JiOf BOf are easily found. 

5Q. It will be perceived from the foregoing examples, that 
'where a right-angled triangle is employed, it is necessary to measure | 
or have given only one of tlie acute angles and one side* Thus, if 
I take a station 1) (Jig* 30) directly opposite to the object A9 pjg, 30^ 
whose perpendicular distance is required, having measured the 
side BD and the angle J9, I can determine the side JiD by one 
solution thus, 

as sin BAD or cos B : BD : : sin J9 : JID ; or 
as R : tang B:: BD : AD. 

But where the case requires an oblique-angled triangle, it is neces- 
sary to know either directly or indirectly two angles and a side, or 
two sides and an angle. It is common in questions of this kind 
to measure, besides a side which is always an element, one angle 
in the triangle containing the side or sides to be determined, 
together with one of the opposite exterior angles, then the dif- 
ference of these will be the other interior angle, as in articles 
49, 52. An exterior angle is often found by adding the observed 
angle of elevation or depression to 90°. Thus HB8+ 90"^ (fig* ^5) Fig. 3S. 
is equal to the exterior angle of the triangle SBR, and BBS being 
subtracted from it w^ shall have the other interior opposite angle 
BSE. The angle AOB (Jig. 38) is found in a similar manner. Fig^. 38, 

In questions respecting heights and distances, although we em- 
ploy for the most part either vertical or horiiontal angles^ yet it is 
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dbvioas that the tliMreras of trigonomelry are eqwlljr a|iplicaUe^ 
to triangles whose planes are inclined to Che horizon. In fi^ur^ 
40 Tor instance, having the anglts OJC, dCJif and the side JCp 
we proceed in finding; the remaining; sides» as if it were hori- 
vontal or vertical, that is, without having any regard to the posi- 
tion of its plane. We thus obtain a side of each of the vertical 
triangles JiOBt COB. Care should be taken however in meas- 
uring an inclined angle that the plane of the instrument have 
the same inclination. 

What precedes being well understondf the answers to the fol* 
lowing questions will be readily found by means of the figures 
referred to. 
Fig. 35. 57. It is required to find the height of the rastle BR (Jig. 35)^ 
above the level of the sea ASn and its horizontal distance from a 
ship S at anchor, the angles of depression HBS^ NRS^ being 
given equal respectively to 4° Si, and 4° 9!f the height of the 
castle being 54 feet. 

Answer, AS = 3690 feet, and jf B == 314 feet 

58. It is proposed to find the distance between two objects 
Fig. 36.^, B(Jig. 36). situated on a level, when they cannot be conve- 
niently approached. From two stations C. D« also on a level, 
we take the angles ACB = 37°, BCD = 5^° 20', CDA = 53' 30, 
ADB =45° 15', and measure the distance CD = 300 yards. 

Answer, AB = 479, 79 yards. 

Fig^. 37. 59. If both the objects A, B (Jig. 37), can be seen only from 
one point B. we take a station C where A can be seen, and a 
station £ where Bean be seen, and measure CD = 200 yards, 
the angle ADC = 89°, ACD = 50^ 30' ; also DE = 200 yards, 
and the angle BDE = 54^ 30', BED = 88° 30', the angle ADB 
being 7-2° SO'. 

Answer, AB = 345, 5. 

Flp. 38. 60. From a window A (Jig. 38) near the bottom of a bouse 
supposed to be on a level with the bottom of a church GD* the an- 
gle of elevation GAD of the top of the spire being 40°, and from 
another window £18 feet directly above the former, the angle 
of elevation GBE being 37° 30', it is required to find the height 
•f the object GD and its distance AD. 

Answer, GD = 210, 44 feet, and AD = ^50, 79 feet. 



•1. Being at the station^df {Jig. S9)» on a iKMrizontal phme» ud pig. 3» 
wanting to know the height (rf a tower CDf placed on the top of 
a bi]|, we tal^e the angle of elevation IME of the top of the hiH 
equal to 40'', and of the top of the tower CAE equal to SI"" ; then 
measuring in a direct line from the hill 100 yards to B, we take 
the angle CBE equal to dS« 45'. 

Answer, CD = 46, 67 yarde. 

62. Suppose the objert OB (Jig, 40) to Htand upon a horiasontal Fig. 40; 
plane ABC9 and that AC is equal to 250 yards, and that the angles 

at its extremities are known, namely, Oj4C=:56'' 46', OCA ss 62« 
54% OAB=z 6"* 40', OCB = 7"" 6'. What is the height OB, and the 
horiaontal distances AB, CB 7 

Answer, .4£ = 254, 989 yards 
C£ = 2S8, 814 
OBs£ 29, 745. 

Jfdvigatioiu 

63. The situation of places on the earth being designated by 
their latitude and longitude, that is, by their angular distance 
from the equator, and from some assumed meridian, reckoned on 
the equator, the situation of a ship with respect to the places she 
has left, and those to which she is going, is known^ when we 
know her latitude and longitude. The method of finding these 
tliat first suggests itself is by astronomical observations. But 
as this method cannot always be resorted to, and is moreover^ 
particularly in the case of the longitude, attended with labor and 
difficulty, it becomes an important problem to find the change 
ef latitude and longitude corresponding to any given distance 
that a ship sails in any given direction! | ^^^f ^hen this 



t The distance^ or the length of the path described by a ship, is 
sstimated by observing the velocity of the ship at stated intervals. 
The instrument used for this purpose is called the log. The direc* 
tion of the ship's path, or the angle which it makes with the meridian 
is ascertained by the compass^ and is technically called the course. 
It will be perceived that, from the unsteadiness of the wind and 
ether causes, neither the distance nor course admits of the accuracy 
with which lines and angles are measured on land. See note on the 
description ef the compass and log. 
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is kaown^ by applylnj; it to the latitude and loncritude of the 
place of departure^ we learn the latitude and longitude of the 
place at which tfie ship has arrived. If the course <ff the ship 
be due north or south* she does not change her longitude, and 
the whole distance in nautical miles is to be considered as so 
many minutes of a degree, and to be subtrarted from the latitude 
of the place ^ departure^ or added to it, according as her course 
was to or from. 1 he equate!*. If on the cmitirary the course of 
tiie ship were on a parallel of latitude, the whole distance is to 
be regarded as a change of longitude, which will be greater or 
less luscording to the latitude of the parallel. To reduce 'any 
. arc of a parallel to degrees or parts of a degree, we find the 
corresponding arc of the equator by the proportion, cosine of 
tlie latitude is to radius, as any portion of a parallel is to that 
portion of the equator which is comprehended bet>^een the same 
'meridians (35). Then, calling the miles minutes, as in the case 
of an arc of latitude, we have the change of longitude, which 
being added to the longitude of the place of departure, or sub- 
tracted from it, according as the direction has been from orto- 
tvard the first meridian, we shall have the longitude of the 
place at which the ship has arrived. 

64. But, as a ship sails for the most part neither upon. a me- 
ridian, nor upon a parallel of latitude, but in a direction oblique 
to these, she is to be considered as changing both her latitude 
^ig.41.and longitude at the same time. If AB (Jig. 41) represent the 
line described by a ship, JV*S being the meridian of the place 
iVom which she sets out, the angle CAS will be the course, 
AB the distance, AC her change of latitude, called differ- 
ence of latitude^ and CB the arc of a parallel of latitude inter- 
cepted between thb meridian of the place A and that of the place 
jj?, and whirlv<eorresponds to an arc of the equator that meas- 
ures the diiftrence of longitude. This is called the departure. 
Hence if we know the course or angle A by the compass, and 
the distance AB by the log, AC and CB are easily calculated. 
Suppose AB = 80, and CAB = two points, or 2S° 30'. Then  

As radius 10,00000 

is to the distance JB = 80 ..•;.. .1,90309 
so is sin J5 = cos .3 = cos 22° 30' 9,96562 
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to difference of lat. JC= 73,9 1 * 1,86871 
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w&sMdiad « 10,00000 

KiotiiBdiBta«Ge4B::!:60 1,90309 

BO \b Am JL.cmne^S9? Stf ..,•.. 9»58d84 

to departQre CJ} = 30,61 ....... 1,4859S 

In like raaoner, if iai addition to the rigbt angle C, any iVo 
partst of which one is a side, be known, the others are readily 
found. The latitude JiCf for instance, being giiren s= 78,91 
together with the distance JiB, the course is determined by the 
following proportion ; 

As the distance JS ss 80 « • 1,90309 

8,09691 
is to radius • • • • 10,00000 

soisdiff. lat.AC=73,91 1*96871 

— I 

to sin B = cos w9 • • cos course • • S2® 30\ • • 9,96562 

65. The above method is not confined to portions of the 
earth's, surface, which, without sensible error, may be consider- 
ed as planes, but is applicable to routes of any extent, in which 
the course remains unchanged. The path described by the ship 
becomes in this case a curved line, since it makes with each 
successive meridian the same angle. Let Ji (Jig. 42), B, be two Fj^. 42. 
points, upon two contiguous meridians. Let JIB, BU, be drawn 

to the northeast, or other point of the compass, to denote the 
course of the ship at these points. The angles BJiP, RBP9 are 
equal. Now the arcs BP, JP, are not parallel ; on the contrary 
they converge and meet at P y, therefore the angle PB^ is 
greater than P«8^, and consequently greater than PBR, There- 
fore, since BR makes the same angle with the meridian that ^B 
makes, the parts JiB, BR, of the path described by th^ ship are 
not in the same straight line nor in the same planef* 

66. Let JIB (Jig. 43) be any part of a rhumb line, P^JV*, Fl£^. 43. 
PJM, the extreme meridians, JV*J11f the equator, PCK, PEL^ two 
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t A line drawn in such a manner as ia make the same oblique 
an^e with each successive meridian is not an arc of a groat 
circle, or of any other circle, but is a peculiar kind of curve that 
approaches the pole continnally in a sort of spiral* without ever 
reaching it. It is called a rhumb Urn or loxodromic curve. 

Tap. 6 
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contiguous meridians cutting JIB in the two poinb Cf JS. If 
from tlie pole F we draw the arcs B89 CDp parallel to the equa- 
tor, it is CTident that» if JB be the path described by a ship, 
AS will represent the corresponding difference of latitude, and 
i^JV the difference of fongitude, made in passing from Ji to B. 
Accordingly, if EC denote the space passed over in a moment 
on the rhumb line JIBf BE will represent the change of latitude, 
and LK the change of longitude in the same time. Now, as the 
triangle CDE9 right-angled at 2>, is indefinitely small, it may be 
regarded as a plane triangle. If then we suppose the line dB to 
be made up of parts equal respectively to CjB, and each of these 
parts to be the hypothenuse of a right*angled triangle like CDEf 
it is manifest that these triangles will be equal among themselves, 
since, beside the right-angle and hypothenuse being the same in 
all, they have each an angle equal to CED. It is readily 
inferred therefore, that the sura of all the hypothenuses CE, or 
the whole line JiB is to the sum of all the sides DE, or the whole 
change of latitude, as one hypothenuse CE is to the correspond- 
ing flifference of latitude DE {Oeom. iv). Now since CDE is a 
plane triangle, it is similar to any other plane triangle having 
thQ same angles. Accordingly, if we construct a right-angled 
plane triangle ffO/, having the angle O equal CED^ this trian- 
gle will be similar to the triangle CDE {Geom. 74), and we shalf 
have 

OH: GI ::EC:ED. 
But EC:ED::dB;Ji8; 

whence OH : GF :;dB: Jl8. 

Consequently, if we make O/J equal to the length of the route, 
or distance JB (Geom. 142)» GI will be the corresponding dif- 
ference of latitude. 

Therefore, notwithstanding the path described by a ship is a 
curved litie, if we construct a right-angled plane triangle having the 
hypothenuse equal to the distancCf and one of the acute angles equal 
to the course, the side adjacent to this angle wiU be equal to the 
difference of latitude. 

67. It remains to determine the change of place east or west, 
answering to any given course and distance. It is evident that 
this is CD for the indefinitely small route EC* Now, if we sup- 
pose, as above, triangles equal to CED, corresponding to the 
several parts of dB, it will be seen, as in the former case, that 
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the sum of all the bjrpotheniises ECf or ibe whole distance JiB, 
is to the sum of all the sides CDp or the whole change of place 
east or west^ as EC is to CD ; or* on account of the sinnilaritj 
of the triangles CED^ HGI, as (717 is to HI. 

Jkcardinglf, if we make a right-angled plane tnangle having 
the hyp0thenu$e equal to tlie diitance, and one of tlie oblique angles 
equal to the course^ the side opposite to this angle will be equal to 
the departure or the change of place east or west 

68. The two propositions above given hold true, whatever bo 
the distance to be reduced. Although this distance and ciiange 
of place east or west be curved lines^ it is not less rigorously 
exact to represent them by the sides of a right-angled plane 
triangle. Bgt we should fall into a mistake if, finding that GI 
is equal to ^Sf we should conclude that HI is equal BS. HI 
indeed is equal to the sum of all the small arces CDf which sum 
is greater than BS^ since CD is greaterkhan 0^. Moreover, if 
from the pole P we describe the arc Mt^ it will he perceived that 
fir, or the sum of the small arcs C/>, is less tlian jSR. 

69. When we haveidetermined the change of place no]*th or 
^euth, it is easy thence to deduce the difference of latitude ; for, 
since this change takes place in a great circle, we have only to 
consider every sixty nautical miles as so many degrees, and to 
call the remainder minutes. 

70. As to the difference of longitude we cannot so readily 
deduce this from the change of place east or west ; for, as we 
have just seen, the sum of the small arcs CD as greater than BlS 
and less than JIIL If we knew the latitude of an arc precisely 
equal to the sum of all the arcs CDf it would be easy thence to 
determine the arc •^JV*the difference of longitude {S5). Indeed 
this sum of the arcs CD does not materially differ from TV9 the 
middle parallel between Jill and BSf except when the distance 
JiB Is great, or occnrs in high latitudes-}. When, therefore, 
we have found the difference of latitude O/, if we add the half 
of this to the less latitude AM9 the sum will be equal to MT^ the 

tif wSl^, the distance to be reduced, be 600 miles, the greatest 
error of the above assumption would amount to a litd^ more V^ near 
the parallel of 45", it would be 4' towards the pariditri of 6O0, and 
SS*! near the parallel of 75^ j and these errors vary according to the 
cfibe of the distance. 
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latitude of the middle parallel ; we tbes obtain (he dilfcrenee of 
Imigitude by the following proportion ; as the cosine of flie 
latitude MT of the middle parallel is to radius, so is TF, eq«al 
nearly to HJ, the sum of the arcs CDf to the number of Miles or 
; minutes in the arc MVi In other word% we construct a right- 
P^ST* ^ angled triangle BCD (fg. 44), having the angls CBD eqaal to 
the latitude of the .mMdle parallel, and thi» side JM7 adjaeeiit to 
this angle equal to the number of miles in HI{OemH. 14d), and 
the hypothenuse ED is the value of the arc MAT; for^ by Ihe 
(;ommun theorem of trigonswetry, 

sin BDG or cos CBD : Ri: BC: BD9 

aud, by what has been shown above, 

cos mill, laU : Ri: dep. : diff. long. ; 

therefore BD is the difference of longitude in miles or minutes.^ 
71. But the difference of longitude may be obtained more cor- 
rectly and in a manner adapted to all distances and latitudes. 
By what has already been proved (35,37) 

Fig. 43. CDiLK:: ess LD : R (Jig. 43) 

: : R : sec LD, 

Moreover the right angled4riangle CED gives 

ED iCDit R : tang CED (Trig. SO) ; 
and by taking thq product of the corresponding term8> we have 

MD : LK: : £* : sec LD tang CBD; 
whence 

y j^ _ lgl» X sec LD tang CED 

_ ED sec LD tang CED 

« A ED wc LD ^- .. 1 ^ . „ , 

But jr expresses the magnitude to be allowed to the 

parts ED of the meridian on MercatoFs chart (37) ; by adopt- 
ing the same reasoning £or the arcs CD corresponding to the 
different parts of AB, we arrive at the conclusion, that the sum 
of all the arcs LK, or JdJ)r^ is equal to the sum of all the meri- 
dional parts of the difference of latitude JiS multiplied by 

^"^„ — ^ that is, multiplied by the ratio of the tangent ortlie 

course to radios* We hence derive this simple rule for finding 
the difference of longitude. Radius is to the tangent of the course 



OS Ae differmce qf latitude on Mercator's eftarff i^ to the difference 
of lengUnde^ 

7^ If we constnict a rigbt-an^ed triangle BtCV kaving the 
angle B eqaal to the course^ and the side O'lP equal to the dif- 
ference of latftude on Mercator^s charts or the meridional dif- 
ference of latitude/ the side MfL' will be the difference of longi- 
tude ; for bj trigonometry^ 

£ : tang JiTdr : : OXT : K'L% 

nxkif by what is above shown^ 

R : tang course : : merid. diff, lot, : diffi Umg. 
Therefore K'L' is the diflkrence of longitiide. This being 
added to the longitude of the place of departure^ or sub- 
tracted from ity according as the route has been from or toward 
the first meridian^ will give the longitude of the place at which 
the ship has arrived. 

rs. Moreover from the similarity of the triangles OIHf 
GK'U^ we have the proportion 

GI.JHixQK'xK'U, 

that iSf 

diff. lai. : departure : : nterid. diff. lat. : diff. long. 

74. Let now the following question be proposed. A ship in 
latitude 47"" 23' N. and longitude lO"" 17' W. from Greenwich 
sails 126 miles in a direction S. W. by W. that is^ making an 
angle with the meridian of 56^ 15' ; what is the latitude and lon- 
gitude of the place at which she arrives ? 

We in the first place construct a triangle .ABC (^^. 45)^ hav-^^&^^- 
ing the angle A equal to the course or 56^ 15', and the side AB 
equal to the distance 1^6 j liC will then represent the departure^ 
and AC the difference of latitude. These are found as before 
(64)^ in the following manner^ 

As sin C = radius • 10,00000 

is to .^il= 126 miles 2,10037 

w is sin .d . . 56'' 15' • 9,91985 

to BC::z departure s= 104 miles .... 2,02022 

.11 »■■■■■ I »!■■ t m .1 II— I  i<tli II——— I 1^ 

• t This difference of latitude on Mercator's chart is called meri- 
dionid difference of latitude. It should be observed that, if the 
two eiireme latitudes A, B^ be one north and the other south, 
the sum of the latitudes on Mercator's chart is to be taken instead of 
the differencck 
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As the sine of C == radius 10,00000 

is to w9B=:126 ' « SylOOSr 

so is sin ABCszCim Ji» . 56^ 15' • • . • 9,74474 



to JC= diff. lat = 70 miles = 1° 10' ... 1,84511 
Subtracting 1"" 10' from 47° £5' we iiave 46'' 13' for the latitude 
of the place at which the ship arrives ^ and by adding half of 
!"> 10^ or ns'y to the less latitude 46"" J 3', we have 46'' 48' for 
the middle latitude between the two places A and Z?. 

We next draw BD making the angle CBD equal to 46° 48', 
the middle latitude. The line BD will then represent the differ* 
ence of longitude, and is found thus, 

As the sin D = cos CBD = cos 46^' 48' • . . 9,83540 



0,16460 
is to the departure = BC =104 miles • . • 2,0£022 
so is sin C = radius 10,00000 



to BZ> the diff. of long. = 1 53 = S<> 33' . . • 2,18482 
As the direction in which the ship sailed is ffom the first 
meridian, this is to be added to 10*^ 17', the longitude of the place 
of departure, which gives 1£^ 50' W^for the longitude of the place 
at which the ship arrives. 

75. The two right-angled triangles ^BC, CBD^ may he con- 
sidered as forming one obliqoejfingled triangle in which JiB is 
the distance, Ji the course, BD ihe difference of longitude, and 
B the complement of the middle latitude. , Consequently, any 
three of these being given, the fourth may be immediately found; 
thus, in the above example, omitting the proportion for the de- 
parture, we miglit proceed directly to find the difference of 
latitude, and thence the middle latitude, the complement of which 
would be the angle D. - Knowing, therefore, the angles w9 and 
JD, and the side JtB, we obtain the difference of longitude by the 
following proportion : 

As sin JD = C08 CBD . . . mid. Ud.... 46'' 48' • 9,83540 



0,16460 

is to .AB = distance = 1£6 £,10037 

so is sin w9 . • . course . • . 56"" 15' .... 9,91985 



to BD = diff. long, s: 153 £,18482 

as before. 
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It will be perceived that in the right-angled triangles MC, 
BCD, any two of the parts of which we have been speaking 
being known in one^ and one part in the other^ the right ang^e 
excepted, the rest may be found. 

76. To perform the above question by the principles of Mer- 
cator's chart, we take ^D {fig. 46), equal to the meridional ^'^i^ ^^ 
difference of latitudef ; we then draw DE parallel to EC and 
meeting AB produced in E. DE will be the difference of longi- 
tude, and is thus found. 

As radius • • • • • 10,00000 

is to tang .d • . • course • • • • 56^ 15' • . • 10,17511 
so is .dl^ == merid. diff. lat. = 103 • , • • 2,015284 



to DE diff. of long. = 154 = a° 34' . • • . 2,18795 

When the departure and difference of latitude are known, and 
not the course, we have the proportion (73), 

As «dC = proper diff. lat. s 70 1,^4511 

8,15489 

Is to AC = departure =104 2,0£022 

so is AD ^ merid. diff. lat. = 103 ... . 2,01284 



to JDE = diff. long. = 2^34' 2,18795 

77. It is scarcely necessary to observe, that in this case, as 
in that of former solutions, any two parts besides the right 
angle (provided these two be tlot the other two angles) being 
given, the remaining parts may be found ; thus, let the latitude 
and longitude of any two places, either at sea or on land, be 
known, and their bearing and distance are readily determined. 
Suppose the two places to be, for instance, the southernmost 
point of land in England called the Lizard, in latitude 49® 57' 
N. longitude 5^ 15' W. and the island St. Mary, one of the 
Azores in latitude 36° 57' N. longitude- 25** 9' W. 

Lat. Lizard 49<* S7' N. mcr. parts 3470 longr- SP 15^ W. 

Lat. St. Mary 36 57 N. mer. parts 3389 long^. 35 9 W. 

Biff, lat 13 B 780 mer. difF. lat. 1081 dLff. lonfc. 19 54 = 1194 

t The meridional difference of latitude may be taken from a table 
of meridional parts, calculated in the manner described in article 38. 
See table of Meridional Farts at the end of this volume. Or it may 
be found by means of the line marked Mer, on Gunter's Scale. 
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rig. 46. Constmct the triangle JlDB (Jig. 46) making JiD s 1081, the 
meridioiial diffm^nce of latitude, and D£ perpendicular to 
JiD s= 1 194, the diSferaice of longitttde, and join AB. Tht 
angle DJiE will be the course, or beariog of St Mary from 
the Lizard, and is found thus, 

Aa ^2> = lOSl ••..•.....• S,03S85 

6,966 ir 

i8toll£=:1194 « . .8,07700 

aob radius -• 10,00000 



to the tang DJiE ;= bearing • . 47'' 51' < . 10,04317 

If now from A we set offw9C = 780, the proper difference of lat- 
itude, and through C draw CB parallel to DE, we shall have 
AB equal to the distance of the above places from each other, by 
the proportion {^Trig* SO), 

As radius , 10,00000 

is to the sec course • • . .1 • . • 47^ 15' • • • 10,17323 
ao is the diff. lat. == JC = 780 2,89209 



to the distance =:wSll = 1162 ••••*. 3,06532 

78« In resolving the several problems of this chapter we have 
given only the method by logarithms. Where great accuracy 
is not required, the operation may be performed very expedi- 
tiously by means of the lines on Gunter's Scale. Similar re- 
sults also might be obtained by geometrical construction. Whea 
the given parts of a triangle are such as admit of the others 
being calculated by the rules of trigonometry, tbe triangle may 
be constructed (Oeom. 141, &c.), and the part sought, if it he a 
side, is found by taking it in the compasses and applying it to 
the scale of equal parts, used for the given side or sides. If the 
required part be an angle, the degrees and minutes contained in 
it are determined by dtber of the rules for measuring an angle. 
Pig. 46.Thus, in the triangle JiDB (Jig. 46), constructed as above 
described, the angle A is found by taking from the scale of 
chords the chord of 60!^, or radius, and describing from the 
centre A an arc, meeting the two sides AE, AD, produced if 
necessary, and then applying the chord of tbe contained arc to 
the same scale of chords (Gfeom. 136)^ 
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79m The foregoing principles and examples being well under- 
stood, the learner will be able without difficulty to solve the fol- 
lowing questions. 

1. A ship in latitude IG^ 35' S. sailed N. E. | N. 540 miles. 
Required the departure thus made^ and the latitude of the place 
at which she arrives. 

Ans» Departure 342 miles^ latitude 9"" 38' S. 

S. The difference of latitude between two points is 441 miles^ 

and the course S. W. by W. Required their distance asunder, 

and the departure. 

Ais. Distance 793,8 mk. departure 660. 

3. A ship from Cape C^ar, in latitude 51^ 18' N. and longi- 
tude 11'' 15' W. sailed S. E. \ S. 480 miles. Required the lati- 

* 'tude and longitude of the place at which she arrives. 

Am. Latitude 45° 22' N. longitude S<> 9' W. 

4. A ship from Bayonne, in latitude 43® 29' N. and longitude 
V 30' W. sailed N. W. | N. and by observation is found to be in 
latitude 51° 31' N. Required the distance sailed, and the longi- 
tude of the place at which she arrives. 

Am. Distance 623,5 mis. longitude 11° 17' W. 

5. It is required to find the bearing and distance from Land's 
End to the island of Bermudas, the latitude of the former being 
50° 06' N. and the longitude 6° OO' W. and the latitude of the 
latter place 31° 20' N. and the longitude 64° 48' W. 

Jhis. Bearing S. 66° 55' W. distance 2872 mis. 

6. A ship from Conception in latitude 36° 43' S. and longitude 
72° 40' W. sailed upon a single course between the north and 
west till she was found by observation to be in latitude 29° 38' 
S. having made 324 miles departure. Required her course, 
distance, and longitude. 

Am. Course 37° 19', 
Distance 534 miles, 
Longitude 79° 07' W. 

Beside the problems in navigation now resolved, there are 

others of the greatest importance, which depend upon the princi- 

I^es of spherical trigonometry. These will be found in the next 

chapter. « 

7 



so J^icaiim of Trigmiametry. 

MiseeUaneom ^esWms to be solved by the rules of Plane Trigo- 

nometnf0 

Fig.4r. 80. 1. Let Ji {Jig. 47\ C» be two stations on a sloping 
ground^ distant 410 yardsy an object on tbe top of a hill ; the 
following angles being found by obseryation, namely, OCAzs 
79° 9,^9 aaCsi 63° 11^ and the angles of eleTation at ^9 and C 
6^ 36' and 5° 82' respectivelyy it is required to calculate the 
height and distance of the object from each station. 

Ms. JG = 660,302, CB = 600,728, 
OBz= 56,431, 06= 76,4. ^ 

2. It is required to find the distance at which the Peak of 
Fig. 48.Teneriffe may be seen at sea, its height JB (Jig* 48) being 2| 

statute miles, and the diameter of the earth BE 7916. 

•Aw. 135milesf. 

3. The top of a mountain being seen in the horizon at the 
distance of 154 miles, what b the height of the mountain ? 

Ms. 3 milesf. 

4. The bearing of Boston light-house from Harvard Hall in 
Cambridge, being S. 74^ 29^ E. and the distance 12| miles, 
required the latitude and longitude of the light-house, the lati- 
tude of the above building in Cambridge being 42^ 23' 28" N. 

and the longitude 71° 07' 25" W. from Grcenwich.^^/.^^^ 2 ^-^S ^"'^^ 
Fig. 49. 5. From a ship under sail, an island (Jig. 49) is observed to *^>«f ^/i^; 
bear N. 22^° E. and after proceeding N. 67|° W. 20 miles, the 
bearing of the same island is found to be N. 56^° £. The dis- 
tance from each place of observation is required. 

Ms. AC 29,93 miles and BO 36 miles. 

6. It is required to find the distance and bearing of the city 
of Washington from Boston, the latitude of tlie former place 
being 38° 58' N. and longitude 77^ 2' W., and the latitude of the 
latter 42° 22' N. and the longitude 71° 4'. 

t No allowance is made in these solutions for terrestrial refraction. 
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CHAPTER III. 



a^tht SUutum cfPrdldems in SplitrioiA SVyfonomefrjf. 



81. l^n learner has diready been made acqaainted with the 
ndes necessary for the solution, of the cases that occur in JVbu- 
Ucal Astronamg (61). The principles also upon' which the lines 
of the oeletftial sphere are represented have been taught in the 
chapter on prqjections. More particular details relating to the 
construction of spherical triangles may be found in the note on 
the Bescriptiim amd Use (^the Scale^m 

82. Given the sun's declination equal, for example, to IS® tS' 
N. to find his longitude and right ascension, the obliquity of the . 
ecliptic being 23*» 27' 57". 

The solstitial colure JfEB^ (Jig. 50), being inaumed as the Fig. 50. 
primitive, the equator and the ecliptic will have their poles each 
in the Ciromnfiirence of the primitive, anil) being great circles, will 
§6 npresentei hy the straight lines E^^ ^yj passing through 
the centre of the priHnitive, and making the angle Ji^O equal 
to 28® 27' 57", the obliquity of the ecliptic (18). Draw the small 
clfTle m n at the distance of 19P 12' (ttan Eq, or 77'' 4^ from JV; 
fhep^ of E41 (18), and through 0, the intersection of as 19 
and m % draw the celestial meridian JVOS (fig. 14, 1 5). In the ^^sr* j^» 
triangle tfOTy right-angled at Jt, we shall have jIVO equal to 
25'' 27' 57," the oMiqnlty of the ecliptic, and AQ equal to 12'' 
12', the sun^s declination, to find YO» the sun's longitude or dis- 
tance from Aries reckoned on the ecliptic, and t«^» the sun's 
right ascension or distance from Aries reckoned on the equator. 

To compute the first of these quantities, the three circular parts 
in question are «i(0» coy Of coA^Q {Trig, page 63). JiQ being 
sqiarated from the other two, this is the middle part, and the 
other two of^osite parts ; whence 



t it is supposed in what follows of' this chapter, that the student 
has some knowledge of astronomy, and particularly of the technical 
language of the science. 
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R 811; JlQ = COS (co VO) COS (co t^vO) =«« VO sin 
ivhich gives the proportion! 

sin j3 Y O . . obliquity • . . . 2S° 27' 57" . . 9,60010 

Arith.comp. • . . 0^39990 

IS to fi • • • 10,00000 

as sin JQ . . declination • . 12° 12' ... 9»3£495 
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is to sin V0 .-longitude.. 32® OS' 09" . . 9.72485 

83. To &nd tiie right ascension^ ^A the three circular parts 
are co O^Ji, ^A, and AQf of which neither being separated 
from the other two, since the right angle is not considered as 
disjoining those between which it is placed, ^fA is the middle 
party and rhe other two are adjacent parts ; whence 

R sin ^A = tang (co O V Jf ) tang .^G = cot © «f •* tang AQ ; 

and to find ^A we have the proportion 

R 10,00000 

is to cot © TjJ . . obliquity . . 23° 27' 57" . 10,36241 

, as tang JiO . . declination • . .12° 12'. . . 9,334S7 

is to sin "PA . .right ascension £9° 52' 20" . 9,69728 
ir this be converted into time at the rate of 15° to an hour^ wc 
shall have for the right ascension in time 1^ 59' 29". 

84. It will be observed that as the sun's declination is the 
same four times in the year, namely, at equal distances each 
wlay from the equinoctial points, the same declination answers 
to four different situations o( tlie sun, as to his longitude and 
right ascension. When the declination is given, therefore, it ia 
necessary to know the time of the year or the part of the eclip- 
tic, at which it takes place, in order thence to determine the sun's 
longitude and right ascension. Thus, while the sun is moving 
from SP to g]D, or is in the first quadrant of the ecliptic, the lon- 
gitude is T© , and the right ascension SP*^, as above given* 
When, however, the sun has passed the solstice 2S, and is 
descending toward ^, the computation having reference to the 
triangle A=^Q)^ gives ^©, z^i^A, the distance of the sun from a, 

t It will he observed that the proportion must begin always with 
that term of the equation which is multipled by the term sought 
The three first terms then become known ^erms, and the last tlie 
term required. 
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flie sopiileneiitB of which, or what they wmnt of IWP^ will be 
the distance of the san from SP^or the longitude and right ascen- 
sion respectively. 

When the son has passed :& and is descending toward VJf the 
computation relates to the triangSe a a Of and the quantities 
:&0, d!^ a, arc to be added respectively to 180^, to obtain the Ion* 
^tude and right ascension reckoned from SP. 

When the sun has passed yj and is ascending toward SP, we 
make use of the triangle SPaQ* and the arcs SP 0, YOf found as 
above, are to be taken irom 360% and the remainders will be the 
longitude and right ascension respectively. 

85. It will be perceived that in the triangle Ji^ « above men- 
tioned, any two parts beside the right angle being given, the 
rest may be found. If, for instance, we had the longitude 
V0 = sa"" 03' 09", and the obliquity of the ecliptic dISP = S3^ 
27' 57", we might proceed to find the declination and right ascen- 
sion. Thus 

To find the declination jfl0, the three circular parts being 
CO d9T0, CO SP0 and .^0, the middle part is wtf0, and co 
«A^0« CO T0 are opposite parts ; whence 
i28in.A0 = COS (CO .ASP 0) cos (co SPG) = 8in«/}SP0 sin TO, 
and 

U 10,00000 

is to sin .^SP . . obliquity . . 23* Zf 57'' . 9,60010 
as sin T . • longitude • . » . dd"* OS' 09". . 9,72485 
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is to sin JiQ • • declination • . 12° 12' • . . 9,32495 
To find the right ascension SP.;^^ the three circular parts being 

T.tf, CO Ji<vOf CO SP0, CO JT0 is the middle part, and ^Jl, 
CO T adjacent parts ; whence 

Jisin(coJSP0) 
OP B cos .;tf T = tang SP.^ tang (co SP 0) = tang SP-tf cot SP ©, 

and 

cot T . . longitude 32° 03' 09" 10,2p333 

9,76667 

istoJR IO9OOOOO 

as cos .^T . . obliquity 23° 27' 57" 9,96251 

•IMHiiBHMa^lBI* 

is to tang SP.tf . . right ascensionf . . 29* 52' 15" 9,7591ft 
t This result differs from the former by 5". They will I 
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':!^\^*l'rfri^^ 8& 1. Gi^mi the saii's declination 17^ 16' N. ioereMH^, to find 
v'>0^t*\jff.,i0'' * (bis loBgitvde and right ascensien^ the ebliqait/ being as abeve 
ttU* /^^,;,.4jated 3^° 2r 57". 

••^*^' ^___^ All. S«n*s hmgitBde 47'' 35', and right ascension 45° 07'. 

S. Given tiie sun's right ascension 1 34^ 54', to find his kmgitndo 
and declination, the obliquity of the ecliptic being es" d7' ^f\ 
Ms. Sun's longitude 4' 19P |6', declination 17^ 06' N. 
87. The latitwto of the place equal, for eample, to 42° fiS' S8" 
N. and the sun's declinationf being giren^ to find the tine of 
rising and setting of the son on the 221st e£ June* 
Tig. 61. Taking the meridian ZOY'O {Jig. 51) as the primttive, tk 
equator and liorizon will be represented by the straight lines 
S4lf HOf passing tiiroogh the centre of tite primitive, and making 
the angle .EtH equal to the complement of the latitude, Jf8 pe^ 
pendicdar to E<2 will represent the 6 o'clock hour circle, or the 
ineridian perpei^tdar to the meridian of the jdaoe ZBJW, 
The small circle n m, drawn parallel to £<{ and SS"" 27' 57^' dis* 
tant from it, will represent the apparent padi of the sun on the 
aist of June. will 1>e the place of the sun at simrise, aud n 
his place at noon. Accordingly the hour angle 0JV*n, or the 
arc On, or which is the same tUng as to the number of dsgrees^ 
JIE, converted into time at the rate of 15° to an hour, will ^n 
the time of sunrising and sunsetting from noon. But ^E being ^ 
90° is equivalent to 6 hours. It is only necessary, therefore, in 
solving the above problem, to find the arc .AT, called the ascen- 
simal difference. Now in the triangle ^O T, right-angled at .^f 
we have A^O equal OQ or EH, the complement of the latitude, 
and Aq the sun's declination, to find j9T. In this case we have 
j9 T for the middle pari, and co «fl T , .^ , for the adjacent parts. 
Whence 

H sin .ST = tang (co Af 0) tang JiQ = tang JV^ tang AOf 
and 

R 10,00000 

is to tang ,^0..^ 42«> 23' 28" . . 9,96040 

as tang .4© . . declin. . . , 23° 27' 57" . . 9,63759 

is to sin j9 SP . • ascen. diff. . . 23° 20' 42" . . 9,59799 

to agree, however, when logarithms are employed to seven places of 
dcclimals instead of five. 
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In liie preeeding srivlionSf by taking nAm inte eonudera- 
tkm we redaoe Ihe^ oper^^on for the answer to the form of a pro- 
portion^ analogous to what takes place in most of the cases of 
plane trigonometry. The same result might be obtained more 
concisely by following the rale in italics {Trig, page 64). Thus 
in the above problem^ foir exam|de» we have 
sin .tfV = tang (co jf V0) tangttf© s= tang JVNP0 tang •#©, 
or, by taking the logarithms^ 

log. sin J^ = leg. tang JV*T + 1<^, tang d90« 

tang J\rsP . . lat 4d«2d^3a". . . . 9^96040 

tai^ JiO • • declin. . . . »S<> S^ 57'' .... 9,63759 

sin j2T • . ascen. diff; . . 23° 2(y 4^' .... 9,59799 
The arc£3'' 20' 42" being converted into time at the rate of 
15^ to an hour gives 1^ 33' 23" nearly for the time the sun 
rises before and sets after 6 o'clock, on the longest day. Hence 
a'' — V" 33' 23" = 4"» 26' 37" time of sunrising, 
ef" + V" 33' 23" = 7^ 33' 23" time of sunsetting. 
7^' 33' 23",, the time of sunsetting, being the time from noon, or 
half the day, if this be doubled it will give IS^* 06' 46" for the 
length of the longest day. Also 4"^ 26' 37", the time of sunris- 
ing, being the time from midnight, if this be doubled it will 
ghe the length of the shortest night, at any place whose lati- 
tude is 43^ 23' 28". 

88. Moreover, if we draw the paraHd of declination r s 
23"* 27' 57" sonth of JEQ, we shall have ^0 IP equal to .^0 <F ; and 
^Bf equal T«^, converted into time, shows how long it is after 
6 o'clock before the sun rises, and how long before &^ the sun 
sets. The longest night and shortest day, therefore, become 
equal respectively to the longest day and shortest night, as 
before found. 

It will be perceived from what is above shown, that when the 
latitude and declination are both north or both south, the sun 
rises before and sets after 6 o'clock ; hut when one is north and 
the other south, the sun rises after and sets before 6. 

89. We have seen that n m and r s represent the apparent 
path of the sun, when at its greatest declination north and south, 
and that ni0 measures the time from midnight to sunrise, or 
half the night, and r0 the time from sunrise tb noon, or half 
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the day. Consequentlyy when ^Of the complement of , the latitodj 
18 less than w90 or Qm, the declination circles, n m and r « irj| 
not touch the horizon HO. In such a case, therefore, when th| 
sun is in n m it will not set, and when it is in rs it will nd 
rise. But this can happen only to those places whose polar di^ 
tance is less than the sun's greatest declination 23* 27' 57'^^ 

90. It may be observed, that as is the north point of tlij 
horizon, T is the east point, and T is the sun's amplitudt o^ 
distance from the east at the time of rising, and from the wesj 
at the time of setting. This arc of the horizon T belonging 
to the triangle ^JiQ^ already employed, we have for the circu- 
lar parts CO w9T 0, CO T and .tf 0, of which ^90 is the. middle 
part, being separated from the others by the angle T0«^5 and 
COS (co .^SP 0), cos (CO T 0) are opposite parts. Whence 
sin ^o = cos (co A^O) cos (co T0) = sin A^O sin V0. 
Dividing both sides by sin «flT 0, we have 

• f^^ sin .;^0 

sm TO =-^ — -- — , 

or, by taking the logarithms, 

log. sin T = log. sin JlO — log. sin .tf T 0, 
' thus, 

sin AQ> ... declin. . • . 23** 27' 5f' .... 9,60010 
sin ^ T ... CO lat. • . 47*" 36' 32" .... 9,86839 

t2!''V''!'.'y-^^^ sin T © . . amplitude . . 32» 37' 35" from N. . 9,78171 

^ In the triangle T.50 any two parts beside the right angle 

^C=i'/^>^|_ being given, the rest may be found. Let the sun's amplitude^ 

• t9^^^^\^;x/J^^ instance, be supposed to be known equal to 32° 37' 35" from 
Ti^j/YP^' " *® ^^^^y and 1>>8 declination equal to 23° 27' m" N. to find the 
6uii'hi Vo^s it ^J^titude and time of the sun's rising and setting, 
r- A > 5 / J - (i*xil ^J ^ns. Latitude 42° 23' 28" N. 

"^ Time of sun's rising 4»» 26' 37", 

i^^5l;>^^^^^^^^*^- At London in latitude 51° 32' N. the sun's amplitude being 

found by observation equal to f 0° 48' from the north, what is the 
• sun's declination and time of rising and setting ? 
^ r/'Ji ^- ^^.^f^y -^^ ^""'® declination 23° 27' 59" N. 

^iii'Wu'J^ ^risx- • Timeof sun's rising 3»» 47' 32", 

^ ' ^/I /^ i^T^^^^ '*'"*^ f^' Time of sun's setting ^ 12' 28". 





^ 




JVlmttcat Jstronomy^ 57 

9<v. fttiquired the azimuth and time of riaitig and setting of 
pArctarnsat Cambridge, in latStude 42^23' 28" N. Aag«Bt 1, 
j 1820, the declination of the star being 20° 07' 28" N. {Jig. 52), Fig. 53. 
I and its right asceftsi^n 14^ 7' 28", and the right ascension of the 
, sun S^ 45' 5g". 

The learner will proceed in this case to find ^w9as^efore« 
This reduced to hours, minutes, &c, and added to 6^, wilt give 
the time in which tli€ star piisses from the horizon to the 
meridian. But the star crosses the nieridian 14^ 7' 28" — 6^ 45' 
59", or 5^ 21' 29" after the suh, that is, at 5^ 21' 29" P. M. 
Consequently fhe dbove tiito'e subtracted from this (increstsed by 
12^), Will gire the time of the star's rising, and added to this, 
will give the time of the stales setting. 

Jbi8. Star's azimiith 62° 14' 07" from the north, 

time of rising 10* 03' 20" A. M. 
time of setting 12^ 39' 38" P. M. 

91. The above method may be employed to find the time of 
rising and setting of the moon and planets. But when the 
change of declination is considerable in a short time, as is the 
case especially with respect to the moon, and with respect to the 
snn when near the equator, the declination should he ascer- 
tained near'the time of rising and setting of the body in ques- 
tion* 

92. Given the latitude of the place equal to 42^ 23' 28," and 
the sun's declination equal to 23* 27' 57" N. to find the sun's 
altitude and azimuth at 6 o'clock. 

Th^ meridian ESqj^ (Jig. 53), jUie equator £Q, &c. being des* Fig. 53. g 
cribed asin figure 51, the declination circle, nm will cut the 6 
o'clock hour circle ^8 in 0, the sun's place at 6 o'clock. 
Tbningh o describe the azimuth circle ZQ>A^ cutting the 
horizon in.jtf. 

In the triangle Tj90« rfght-angled at A9 we shall have 
•/IT = the latitude, <V> = declination, to find iSO the altitude. 
In this case ^40 is the middle part, and co .4^0, co T0 oppo- 
site parts. Whence 

sin ^0 = cos'^^co ^T 0) cos (CO T ) = sin j3 T © sin T 0, 
And, taking the logarithms, 

log. sin AQ = log. sin .^TO + log. sin T 0, 
thus 

Tcp. 8 
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sin Ji^o . • . • lat . • . 42o 23' 2S" .... 9^81878 
. ain T © . . . • dedin. • . 23*^ 27' 57" .... 9,60010 



sin Aq . . alt. 15^ 34' 22" ... • 9,42888 

It is evident, moreover, from the above construction, that the 

angle OZA9 or which is the same thing, the arc O.^, is the sun's 

a%imuth, or angular distance from the north. Accordingly, if 

we find T.4 in the above triangle T^0, and subtract it from 

90°, we shall have OA = sun's azimuth at 6 o'clock. The three 

circular parts in this case are T^, co j2T0. co TO, of which 

CO jJTQ is the middle part, and ^A, co T0, adjacent parts. 

Whence 

sin (CO jJ TO) 

or cos ^ T O = tang T^ tang (co T O) = tang T^ cot V O 

. 00 ii co8.flTO 
or tang T^ = — ^^  

® cot T O 

and, by logarithms, 

log. tang TjI = log. cos jJT © — log. cot. TO, 

thus, 

cos ^T O . . . lat. 42° 23' 28" . . 9,86839 

cot TO ... declin. ... 23** 27' 57" . . 10,36241 



tang Tw4 . . co-azimuth ... 17'' 46' 35" • . 9,50598 
consequently 90* — 17** 46' 35" = 72*^ 13' 25" = sun's azimuth 
at the above place and time. 

93. It is obvious to remark that, as the declinatioD TO 
increases, the altitude ^O of the sun at 6 o'clock increases also^ 
and the azimfbth OA diminishes. While on the contrary, the de- 
clination decreases, the reverse takes place, till the declination 
becomes nothing, when the altitude at 6 o'clock is nothing, and 
the azimuth 90^ ; that is, at the equinoxes the sun rises in the 
east and sets in the west at 6 o'clock. 

94. In the above solution the latitude and declination are 
both of the same kind, namely, north. The same will evidently 
bold true, when they are both south. When, on the other hand, 
one is n6rth and the other south, we shall have aOy equal A09 
equal to the depression of the sun below the horizon at 6 o'clock ; 
and aT, equal A^, equal to the complement of the sun's azimuth, 
reckoned from the south point H of the horizon. Thus the sun 
is as far below the horizon at 6 o'clock on the shortest day, aft 
lie is above the horizon at 6 o'clock on the longest day ; and the 
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sun fUmb as far soath of east in the former case^ as he rises 
north of east in the latter. 

95. In the above triangle .ATO any two parts beside the 
right angle being given^ the rest may be found. Let the two 
given parts be, for instance, the declination T o]= ^^ ^'^' ^7''f 
and the altitude at 6 o'clock jj0 = 15° 34' 22", to find the lati- 
tude of the plaee A^q, and the sun's azimuth^ the complement 
ofjfV. 

Jtm. Lat 42'' 23' 28" 

Sun's aaimuth 79P 13' 25". 

Given the latitude of the place OJ^ (Jig. 54) = 51» 32^ N. and Fig* 54. 
the declination of a star SP« s 20"" 16' N. to find the altitude 
and azimuth of the star, when on the 6 o'clock hour circle* 

Ara. Altitude 15'>44' 
Azimuth 77** 03'. 

The time of the star's passing the 6 o'clock hour circle may 
be found by subtracting 6^^ from the difference of the sun and 
star's right ascension for the given time. 

96. Given the latitude of the place 42"" 23' 28" N. and the 
sun's declination 23° 27' 57" N. to find the time when the sun 
is east or west, and his altitude at this time. 

Figure 51 being constructed as already described (86), ZJfTx^.si. 
will be the jrime vertical, or great circle perpendicular to the 
horizon passing through the east and west points. The point a, 
where the tropic n m cuts Z^AT, will be the place of the sun, 
when seen due east or west, and Ta will be his altitude at this 
time, and the hour angle a J^Z = BE = complement of TJ3, 
reduced to time, will give the hours, minutes, &c. from noon, 
when the sun is in this situation. Accordingly, in the triangle 
Tafi, right-angled at B, we have a'^Bzs latitude, and £ a = sun's 
declination, to find Ta and Tfi. 

1. The three circular parts beingfia,co Ta, and co aTB, 
Bais the nfiddle part, and the other two are opposite parts. 
"Whence 

sin Ba = cos (co Ta) cos (co aTB) = sin Ta sin otJS* 

• or. 8'"* Ba 

^r Sin Ta = -: -r^ 

sm aT-D 

and -^ 

log. sin Ta = log. sin J3 a— log. sin aTJB, 
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Bin Ba . . . dcclin, ... 23° 27' 57'' . . . 9»60OlO 
•sin aTfi • . lat 42^ 23' 28'' . • • 9,82978 



sin SPa . . . altitude . • 36° 12' 09" . . . 9,77132 
2. To find "TBt the three circular parts being co a<vBf ^B 
and Baf T J3 is the middle part, and the other two are adjacent 
parts. Whence 

sin TJ3 = tang (co a^B) tang £ a s= cot aY J3 tang B a, 

and 

log. sin TB=z log. cot. aT£ 4. log« tang Ba, 

thus 

cot aT fi . . . lat 42'' 28' 28" . . 10,03960 

tang Ba . . . declin. . . 23** 27' 5V' . . 9,63759 

sin TJ5 . . hoyr angle . . 28<* 23' 42" . . 9,67719 
This angle 28'' 23' 42" reduced to hours^i minutes, &c., gives 
l^ 53' 35" for the true time after 6 o'clock, on the 21st of June^ 
when the sun is east. Accordingly the actual time is 7^" 53' S5". 
If we subtract this from 12*^ we shall have 4'* 6' 25" for the 
time when the sun is on the prime vertical in the afternoon of 
the same day. 

97. In the triangle TaJB any two parts being (^ven beside the 
right angle, the others are found as before. The sun's declina- 
tion, for instance B a, being 23° 27' 57" N. and his altitude when 
on the prime vertical Ta 36® 12' 09'', it is proposed to find the 
latitude of the place and the hour of the day. 

JSm. Latitude 42'' 23' 28" N. 

Hour of the day 7^ 5S' 35*, A. M. 
or 4^ 06' 25^ R M. 

98. Given the latitude of the place 42' 23' 28" N. and thesun's 
declination 23^ 27' 57" N. to find the time when twilight begins 
in the morning and ends in the evening. 

Pig. S5. The meridian (Jig. 55), equator, &c. being described as be- 

. fore, we draw the crepusculum circle r s parallel to the horizon 

HO and 18° below it, cutting the tropic nm in Q. O will be 

the place of the sun at the beginning and end of twilight. 

Through q draw the vertical circle ZOJV*', and tlie hour circle 

In the triangle ZOJ^ we have ZJ^ = the coJatitude s= 
47° 36' 32% Z© 5= the zenith distance = 90° + 18° = 108°, JV© 



s o^wdmtf MtM9 w polw dirtuce = 66^ dje" OS'^ to fi^ 
hour aaigle from noon (Trig. 62). 

ZJV= 4r*S6'52" 
Z© = 108' WQQ" ^ 



Sam 22:2'' U8' 35" 



47*" 36' Sa** 



^^« 



Ist reoDaradBf 6S° 27' 45^^ . • • log. sin . . . 9,95165 

52d remainder 44» 32f 14«' • • • log. sin • . • 9^84595 

ZA* 47'' 36^ 32" . « . ar. comp. log. sin 0,l3i62 

Ji9 eff" 32' 03" • • • ar. coiDp. log. sin 0,03749 

] 9,96671 



74'' 14' 15'^ • . . Idg. sin | ZJfQ =s 9,98335 
2 



ZXO = 148*^ 28' 30^' 

This angle reduced to time gives O'' 53' 52" for the hours, 
minutes, kc. from noon to the commencement and termination 
of twilight. Thus 12" — 9^ 53' 52" = 2^ 06' 06" is the time of 
dayhreak, and 9*^ 53' 54" is the time of the cessation of twilight 
in the eYeniog on the 21st of June in latitude 42^ 23' 28" N« 

If we subtract the time of daybreak from that of the sun's 
rising 4^ 26' 37^/ (87), or from the time of the twilight's ceasing 
that of the sun's setting, we shall have 2^ 20' 31" for the dura* 
tioD of twilight at the above time. 

99. It will be observed that, when OQ — Q m, or the co-lati- 
tude "^ the declination, is less than s or 18^, the sun does not 
descend below the crepusculum circle, and the twilight continues 
all night Suppose, for instance, the given place to be London 
inhtitode 51'' 32'; the co-latitude' OQ in this case is SS"" 28'. 
If now from 38"^ 28' we subtract the declination Qm=: 23^^28', 
we shall have Om= 15'', and consequently leas than Os. m 
thenefiire fidls between and «, and the declio^tion circle n m 
does not interseet the crepusculum circle r «, and there is no 
cessation of the twilight during the night. We see, moreover, 
that if the given plaoe had a Jess latitude by $"* than that of 
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London^ thecrepuscolam and declination circles would just toack 
each otiier on the longest day^ and that the sun would descend 
only 18° below the horizon at midnight. 

1. Given the latitude of the city of Washington 38° 58' N. to 
find the duration of twilight on the 2l8t of March. 

Ans. Duration of twilight I'' 30'. 

2. Given the sun's declination 10° S. the latitude of the place 
being 51° 32' N. to find the time of daybreak in the morning 
and end of twilight in the evening. 

Ans. Time of daybreak 4'* 54' Q2", 

End of evening twilight 7^ 5' 38''. 
100. The sun appearing at a mean about 33' above his real 
place when in the horizon^ it is proposed to find how much the 
day is lengthened on this account at the summer solstice. 
Vig. SS. ^^ ^^^ parallel circle r s (^jig. 55) be drawn 33' below (lie 
horizon HO instead of 18^ the rest of the figure being construct- 
ed as before^ and we shall have Z0 = 90° 33', ZX and ^0 
remaining unchanged, to find ZJV*0 the hour angle from noon. 
ZN = 47° 36' 32" 
Z0 :s 90° 33' 00" 
JV© = 66° 32' 03" 



Sum 



204° 41' 35 



n 



Half sum 102° 20' 47" 
ZN 47° 36' 32" 



1st remainder 54° 44' 15" • . log. sin. . . • 

2d remainder 35° 48' 44" •. log. sin. . . . 

ZK 47° 36' 32" . . ar. comp. log. sin 

^0 66° 32' 03" . . ar. comp. log. sin 



57° 06' 53" . . log. sin \ ZJV0 
2 



9,91196 
9,76725 
0,13161 
0,03749 

19,84831 

9,92415 



ZJV'0=:114°13'46" 
The angle ZNQ reduced to time, gives 7^ 36' 55", Accord- 
ingly, if from this we subtract 7^ 33' 23", the computed time of 
sunsetting where no allowance is made for refraction, we shall 
have 3' 32" for the prolongation of each part of the day on 
account the apparent elevation of the sun produced by refraction. 
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lOK 1. The latitade of the place remaining the same^ it is 
rcquii'ed to find how much the length of the day is increased on 
account of refraction at the time of the equinoxes, 21st of March 
mkd £dd of September, and at the winter solstice Slst of De- 
cemher. 

S; It is required to find how much the day is prolonged on 
account of ^fraction at the above times for any other latitude^ 
as tlmt of the city of Washington, for instance* 

lOS* Given the .latitude of the place 49."^ £3'. £8", the sun's 
declination S3o 27' 57" N. and altitude 46° SO'f, to find the hour 
of the day* 

In figure 56 the meridian, horizon, &c., being constructed as P'ff* ^ 
before, draw Che declination circle m n 23° 27' 57" N. and the 
parallel circle rs 46° £0' above the horizon HO9 intersecting 
mftin O* Through dt*aw the azimuth circle ZQjf', and 
the hour circle XqS. 

In the oblique-angled triangle ZoJ^ we have ZN s= co4ati- 
tude, Z0 =3 co-altitude or zenith distance, and ^0 = co-decli- 
nation or polar distance, to find ZJV0 the hour-angle from noon. 
ZJV = 47° 36' 32" 
Z0 = 43° 40' 00" 
JV0 = 66° 32' 03" 

Sum 

Half sum 
ZJV 

Ist remainder 31° 17' 45" . . log. sin . . . 9,71555 

2d remainder 12° 22' 14" . . log. sin ... 9,33089 

ZJV 47° 36' 32" . . ar. comp.log. sin 0,13161 

JV0 66° 32' 03" . . ar. comp. log. sin 0,03749 

19,21554 



157° 


48' 


35" 


78« 54' 


17" 


47° 


36' 


32" 



23° 54' 34" . • log. sin ^ZNO . 9,60777 
2 



ZJV0 = 47° 49' 08" 
The hour angle reduced to time gives S** 1 T 17" as the interval 
from noon. This answers to 12' — S** 11' 17", or 8* 48' 43" in 

- 

t The altitude is taken with a quadrant, sextant, or other instru- 
ment, and corrected for refraction. 
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ae fimnn.iir A 11' 17- in the aRemnoii. When the given 

•Mtade ia rurnialinl by oinenation, It is oT coum knnni to 

wliicli put of the day it relates, 
103. To find tin azimuth A"ZO we proceed accordiiig to thtt 

above method ; thug, 

Ut ram. as bclbre = . . . si° ir «' log sin. e,riS9l 
jsum — Zo or sd nm. = 35° 1^ 17" . . .9,76116 

^^ 17° 36' 33" . . . CISISI 

^'5 -IS- 40' 00" . . . 0,160«« 

19,76919 
W 03' 10" . . log. sin J NZa . . 9,88459 



A'ZO = 100' 06' IW 
The above method is to be adopted »hen the three sides onlj- 
•re known. The hour angle ZA-0, for Instance, having been 
Ibund, we shauld proceed according to the rule, the rim 1/ the 
«ito ore 01 tht lines afOt appimic mgia {Trig. 47) ; thus 

sin Zo . . co.altit«de 43° 40' 00" . . 9,83914 

, 0,I608& 

lstosinZA^O..hourang1e..47«49'08" . . 9,86984 
as sin JV© . . ccdecllnation . . 66° 32' 03" . . 9,96251 

Is to sin trzo . . azimuth . , 100" 06' 20" . . 9,99321 

104. 1. Given the latllude of the place 51- 30' 54" N the 

sun's declination 19- 59- N. and the altitude of the sun's ce'ntn, 

38» IS', to find the aiimuth and the hour from noon. 

Jlna. Azimuth N. 107° 46' so" W. 

, , Hour from noon 3* 30'. 

,ht i'"";.'!! l'° 'f "• "'"'" "" •"" '»'"» decl^aon. 
What IB his altitude and azimuth at 3' so' from noon J 

Ms. Altitude S2P 15', 
, .,.. ,. , Azimuths. .59° or E. or W. 

1 . , ,■ °' *" ">"'"" "" ™"'« ■"""I"'' Wng found 
^jr^m nit.eM the hour of the day .nd the latitude of the place. 
^'-' ^I'WJf ,r, ,yj-, ■■^'^ Times' 30-, 

-^ '//S%7 ^'/f " ^-"i^o "" M' N. 



-^ 



i. 
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4. In latitude $9"" 54' N. longitude SS° SO' W. the altitude of 
the sun's lower limb on Jhc 7th of May 1796^ at 5^ SO' 32" P. M. 
per watch was found by observation to be 15^40' 57"; how much 
ivas the watch too fast or too slowf ? 

Jns. Watch too slow 5' I''. 

105. Given the right ascension and declination of a star^ or 
other heavenly body, to find its latitude and longitude. Let the 
body be Capellf^ for example, having a right ascension equal to ' 
75° 5 1' 04'% and a declination equal to 43^ 48' 10'' N, 

The solstitial colure J{ESQ (Jig. 57) being taken as the prim- pig. 57 
itive, the equator and ecliptic will have their poles each in the cir- 
cumference of the primitive, and, being great circles, will be rep- 
resented by the straight lines £Q, y}^ (18). Draw the oblique 
circle J^CS^ making an inclination QJ{R equal to the, comple- 
ment of the right ascension* Parallel to £Q, and distant from 
it 45° 48' 10% describe a declination circle cutting JfCS in C. 
Lastly, through the point C and the poles of the ecliptic n, vi, 
pvqject the (C»bliqae circle nCm; C will represent the place of the 
star, CF its latitude, or distance from the ecliptic, and Cn T its 
longitude, or angular distance from aries reckoned on the ecliptic. 

In the triangle nJ^TC, we have n JV= 23* 27' 57 f^' the obliqui- 
ty of the ecliptic, JVC = 90° — 45° 48' 10", or 44M1' 50," the 
complement of the declination of Capella, and the angle 
n^cs= 90® +75"" 51' 04", or 165° 51' 04", the right ascension 
added to 90°, to find n Vf the complement of the latitude CF, and 
Cn JV*, the complement of the longitude T n F, or T F. 

This question is readily solved by the formula for the case 
where two sides and the contained angle are given (Trig* 61). 
Thu6> 

JVC = 44° 1 1' 50" 
llJV=23°2r57" 



JV'C-hnJV=67^39' 4" 
JW — nJV=20°43' 55'^ 



.t In questions of this kind the learner is supposed to have access 
to the jyauticai MmanaCf or other similar ephemeris for the sun's 
declination and semidiameter for the given longitude and time. In 
the present ca<«e we should find the sun's declination 16° 58' 31^ N. 
and semi diameter 15' 53". 
Tap. 9 
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I (JVjC + « JV) x= 33^ 49' 53". • • • C08 • • « 9.9194* 

0,0805r 
1 (JVC — nJV) = 10° 21' 56". . . « rofl . . . 9,99285 
^ w JW =» 82° 55' 32" .... cot .. . 9,09378 

I (JV« C+ JVCtt) = 8° 21 38" ... . tang . . 9,167j^O 

J (JVC + « JV*) = S3* 49' 53" . • • . sin • . . 9,r4'?66 

•■■■■■■■ ^"^""i"** 

0,^25434 
I (JVC— « JV) = 10* 21' 56" .... sin .. . 9,25509* 

1 n JVC = 8£° 55' 32" .... cot .. . 9,09378 

I (jVn C — JWif) = 2° 17' 48" . • . . tang . . 8,6032^1 

Having now the half sum and half difference of the two un- 

k!io\\ n angles, \( we add these together we shall have the greater 

(^Trig. p. 81, note)^ which being opposite the greater side (^Oeonu 

485), will be JVn C. Whence 

8° 21' 38" 
S? 17' 48' 



JVn C= Fs = 10* 39' 26" 

90 



^nr=H'V=: long, of C = 79* 20' 34" 

To find the side n Cp we make use of the proportion, the sines 
of the sides are as the sines of the opposite angles (Trig. 47.) 

As sin JVn C. . . . 10* 39' 26" . . . 9,26701 



73299 
is to sin JVC .... 44* 11' 50" . . . 9,84331 

so is Sinn JVC . . . 165° 51' 04" . . . 9,38818 



to sin nC . . . . . 67^ 08' 30" . . . 9,96448 

Taking 67° 08' 30" from 90*, we have 2£* 51' 30" equal to OK, 
the latitude of the star C. 

106. Tliis problem admits of an easy solution by Napier's 
rules. SuppoHe a perpendicular CP let fall from the point C 
upon JVQ ; we shall have in Uie triangle CJ>rPf right-angled at 
P. the side CJV* and the angle at JV, by means of which we first 
find JVF J thus, 
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sin (CO CJVJP) = tang (co CJN') tang JVT, ^ 

iBvlieiice tang JV7 s coa CAT tang CJS\ 

and bjr logarithoiSy 

009 CJVF .... 14^ 08' 56" .... 9,98662 
tangCwV .... 44Mr5(r . . • . 9,98783 

tangJVP .... 43° 18' 55" ... . 9,97445 

Adding AT to JVn we shall have nP=:: 66° 46' 52'', and by 
considering J^'P and n P as middle parts, the third of Napier's 
rules gives the followiiig propoilion : 

As siB AT . .' 43^ 18' 55" . . 9,83633 

0,16367 
18 to tang (CO CAT) = cot CAT . 14° 08' 56". . 10,59845 
so*is sin nP 66° 46' 52" . . 9,96.^32 

, ... 

to tang(co Cn AT) = cot Cn AT ...lO** 39' 26". . 10,72544 
Lastly, by the fourth of Napier's rules, co ^^X!f co n c, being 
middle pai'ts, we obtain the proportion. 

As cos AT 430 18' 5^'... 9.86189 

0,13811 
is to sin (CO AYT) a= cos A^C . , 4> 11' 50" . . . 9,85549 
so Is cos ft P 66° 46' 5Z" . . . 9,5.^577 

to sin (co « C) = cos n C • . 67"" 08' 24" . . . 9,58937 

We have thus a confirmation of our former results. It is 
evident, that if the star or other body in question, had been on 
the other side of T, and less than 90^ from it, the arc T F would 
show how much tlie star's longitude wanted of 360^. It would be 
necessary, therefore, to subtract this arc from an entire circum- 
ference, to obtain the distance from T, reckoned in the onler of 
the signs. So also if the star were situated more than 90® from 
SP, we should consider the figure as representing the opposite 
portion of tbe heavens, having ^ instead of T in its centre. In 
this case the solution would give the distance from the first of ^, 
an^it would be necessary to add this distance to 180®, or to 
subtract it from this quantify, as the case might require, in 
order to" obtain the proper expression for the longitude. 

It may be observed, moreover, that if E^ be considered as 
representing the ecliptic, and yj 25 the equator, the above pro- 
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cess would give the declination and right ascension^ when the 
latitude and longitude are known. The two problems may be 
regarded^ therefore, as leading to the same kind of solution. 

107. U Required the latitude and longitude of Spica Yirgi- 
nisy its right ascension being 198® 34' 32", its declination 10^^ 
04' 31'' S. and the obliquity of the ecliptic 23'' 28'. 

Ans. Lat. 2^ 02' 23" S. 

Long. 6» 20*» 57' 10". 
2. The latitude of the moon being 4P 00' 34" N., her longi- 
tude 7* 14° 26' 21", and the obliquity of the^ecliptic 23° 27' 48'', 
it is required to find her right ascension and declination. 

Ans. Right ascen. 7* 13° 11' 11", 
Declination 12° 21' 14''. 
S. Required the right ascension in time of the planet Mer- 
cury on the 22d of December 1804, its geocentric latitude being 

S"* 12' S., and its geocentric longitude 9' 14° 36'. 

Ms. \^ 4 J'. 

108. Given the right ascension and declination of two stars, 
or their latitude and longitude, to find their distance asunder. 
Let the two star^ for example, be Sirius and Procyon. We 
take from a catalogue of the stars the given quantities ; namely, 

Biffht ascen. of Sirius (Jan. 1, 1820), W IS' l^' dec. 16P 38' SI'' S. 
«* «' Pn>cyon 112? 28' 04" dec. 5° 40' 43" N. 

BifF. of right ascension IS'* 09' 52" 

We now take the meridian of one of the given starf, Pro- 
T\%. 58;Cyon for instance, as the priipitive {Jig. 58), 17^ being the equa- 
tor, and <8, JV, its poles. We draw the oblique circle SS^J^, 
making the angle ^Sf/SfP equal to 13"" 09' 52", the difference of 
right ascension of the two stars i and we set off upon SffM" the 
arc 88' equal to 73"" 31' 29" the distance of Sirius from the south 
STJ^ pole, and upon iS^PJV, we set pff 8P equal to 90«> + 5° 40' 
48" the distance of Procyon from the same pole. 

In the oblique-angled triangle 8STj we have Sff^ 8Pp and 
the contained angle S'8Pf to find the side ffP. We proceed 
according to the formula above referred to (105). 

8Pz=z 95M0'48" 
iSfS'= 73° 31' 29" 



5P + fifS'='169*» 12' 17" 
^P~SS'= 22°oy 19" 
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^ (5fP + SS") = 84* 36' 08", . cos...8,9rS45 On . • . 9,9980f 

;, 02655 0,00193 

1 (8P — 8/^ = 11^ 04' sg^.-cos... 9*99 183 sin . . • 9,28361 

4 P5f«' = 6° 34' 56"...cot- 10,93783 cot . . . 10,93783 

^ (^SST+SrS') = 89*^ 21' 59"..t8n..a 1595621 58^ Or30",.tan.. 10,22337 
^ l8ffP—8F8^) = 59° or' 30" 

«i8fP=148° 29' 29" \- ' 

Whence 
As sin 88' P. . . . 148° 29' 29" • . .9,71819 



mm 



0,28181 
is to sin 8P ... . 95«*40'48" . . . 9,99786 
8(fis AnPSS" ... 13° 09^52" .. . 9,35745 

to 8in«'P 25° 41' 53" • . . 9,63712 

The distance, therefore, of Sirius and Procyon is 25° 41' 53''. 

109* 1. The same figure will serve abo for the case where 
the latitudes and longitudes of the stars are given, to find their 
distance. The mean longitude of Sirius for 1820, as put down 
in the tables, is S» 1 1° 38' 00', and its latitude 39*" 32' 01" S, ; 
and the mean longitude of Procyon 3» 23° 19' 33", and its lati- 
tude a5<> 57' 36" S. Their distance asunder is required. 

V J?15. e5°4l'21". 

2» Required the distance between Lyra and Arcturos, the 

declination of the fiw^ir being 20^ 07' 28'< N. anjjt s^right 

ascension 211° 51' 45"; and tlie declination of the Mir 38« 37' 

19" N. and its right ascension 277° 32' 31". 

.ins. 58° 52' 38''. 

110. The places of two stars being given and their distances 
from a third star or comet, to find the place of the third object. 
Suppose the distance of a comet C\jig. 60), as measured by a Fig. 60. 
sextant, to be 65° 47' 42" from Sirius, and 51° 06' from Procyon, 
it is proposed to find the latitude and longitude of the comet. 

t It will be observed that figure 58 is adapted to the two prob- 
lems only in the way of illustrating the process by which they are 
solved. Two figures would be necessary if any thing depended on 
the construction. 
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With the latitude and lon^tude of Siriiis and Procyon» taken 
from the tables as before (109)9 we find their distance Si' = 25^ 
^AV tV in the manner just explained* 

Having the three sides of tlie triangle 8FC9 we proceed to 

calculate the angle C8F^ thusy 
CS=s«5°47'4flr 

CP = 5l*06'00" 
5P = fi5^4l'2l* 



Sum • 
Half sum 



14 ^° 35' 03" 

n° 17' 31" 



1st remainder 5^ 29" 4d" • . log. sin . • . 8,98133 
Sd remainder 45^ 36' 10'' • • log. sin • . . 9,85401 
Ca . . . 65<> 47' 42'' . • ar. romp. log. sin 0,03996 
at . . . 25.^ 41' 21" . • ar. comp. log. sin 0^36302 



24®35M2'' 
2 



19.-3832 



9,61916 



cap = 49P 10' 24"* 

The next step' is tin find the an^e naP* This is donebj 
means of the triangle 8V n, in which we have n P = 15^ 57' 36^^ 
+ 90°= 105' 57' 36'% flfP = 25'' 4l' 21", and fiTiiP = difference 
of longitude of i9 and P = IP 41' 3^"; whence 

As sinffP • • . • 25'' 41' 21" • . . 



9,63698 



^am 



is to sin an V 
so is sin n P • 



. 11«»41'S3" 
• 105^ 57' 36" 



0,36302 
9,30677 
9,98293 



to sin n£fP .... 26^ 42' 39" . • . 9,65272 

If now we take the angle n 3P from the angle CSV, we shall 
have the angle C8n^ 22^ 27' 45" in the triangle SCnj by means 
of which and the two containing sides n Sf €8, tlie side n C, or 
co-latitude of C, and the angle CnS, or difference of longitude 
of C and 8t are immediately determined. Thus, if we suppose 
a perpendicular CP let fall from C upon n 8, we shall have, by 
the first Napier's rules, taking co C8F' as the middle part> 



tnOmfwCOt «flHIUWnllJf« 

sin (CO C8F^ = tang (co CIS) tang SF. 
Whence tang 8F' = cos CW^ tang C8, 

and by logarithms, 

cos CSF' . . 22«Sr'45" . . . 9,96573 
tang C8 . . 65*47M2" . . • 10,34725 
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tang iSF 
8n =129° 32' or 
fiP'ss 64° 03' 37" 



64^ OS' 37" 



10^31298 



lip's 65° 28' 24'' 
III the triangles CFn^ CP8f by considering co C8, and co Cnp 
as middle parts* we shall have, bj the fourth of Napier's ruleSf 
the following proportion, 

As COB 8P' 64'' 03' 37'' • • 9,64090 



0,35910 
is to sin (co 05) = cos CAT , , 65®4r42* . . 9,61279 
so is cos nP' 65" 28' 24" . . 9,61817 



to sin (co It C) =s COS nC . . 67'' 02' 45^^ . • 9,59006 
and 90** — 67^* 02^ 45" = 22*' 57' 15" s latitude of C. 
Lastly, 
As sin ft C. . . • 67''02'45" .... 9,96417 



is to sin CSn • 
so is sin CS • 



22° 27' 45" . 
65° 47' 42" • 



0,03583 
9,58215 
9,^6003 



to sin Cnfif . . . 22** 14' 17" 
Ifhence, if from the longitude of 5 = 
we talce the angle CnS = 



. 9,57801 

lOl^^SS'OO" 

22° 14' 17" 



we aball have the longitude ^f C = . . 79'' 23' 43'' 

By considering v:) hb as representing the equator instead of the 
ecliptic, we should obtain by the above process, the declination 
and right ascension of the object C, the places of 8 and P, as 
referred to the equator, being known. 

111. The di-jtance of a new star was found to be 65** 47' 42'' 
from Capella, and 25«» 42' 10" from Pi-ocyon, the latitude of the 
former at the time of the observation being 22° 51' 57", N., and its 
longitude 78^ 57' 57% and the latitude of the latter 15° 58' 14" S., 
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and its lon^tude 11£<' 55' 4£"; the latitude and longitude of the 
new star is required. 

Jns. Latitude 39° 34' 00^, 
Longitude 101° 13' OS". 
lis. Given the sun's declination 23° S8' N., semidiameter 
15' 4f, refraction 33', and parallax 9"* the latitude of the place 
being 51° 32' N., to find the time from noon when the sun's cen- 
tre appears in the horizon. 

The efibct uf parallax being opposite to that of refrarlion, ve 
Rubtrart 9" from S3', which gives S2' 51" for the apparent eleva- 
tion of the sun above its true plare when in the horizon. The 
npper limb of the sun, therefore) at the time of its first appear- 
ance above the horizon is artually S2' 51" below It, and the sun's 
centre at the same moment is 33' 5l''-f. 15'4r",or48' 36" below 
the horizon. Accordingly, when the sun's limb first presents 
fSe- W. itself at 8 {fig. 60), the sun's centre is at O and iQt equal to 
48' 38", added to 90^ is equal to ZO. Wbence* in the trian^a 
ZQJ^Twe have 

Zo = 90° 48' S8" =7 sun's zenith distance 

ZJV= 38° as' 00* = co-latkude 

JV^ = 66» 32' 00" = sun's co^eclination* 

to find the hour angle 2jV0. Thus prepared, the problem^ doea 

not differ from others where the three sides are given to fiod 

an angle. 

Mu 8k 19' 20". 

Of Tematrittl Latitude, 

113. It will he (dnerved that in the preceding calculations the ' 
latitude is a verjr important element. "We have already men- 
tioned one way of determining ttiis ( page 29, note), which may 
be illustrated by the following example. Suppose the greatest 
and least altitude of the pole star, as observed at Cambridge, to 
be, when corrected for refraction, as below. 

Greatest altitude 44° OS' 55" 

irfast 40» 37' 45' 

Sum . • 84" 46' 40" 

Halfsum or latitudes . . . 42° 33' 20" 

With cither of these altitudes and the co-declination of the 

|H)le star, taken from the tables, nnd reduced to the given time. 



we reaii^ obtain the latitHdef ; thusy 

Greatest altitude »f the pole star • . • • 44'' 08' 55^ 
Co-decIiaatHHi (Jan. M8£0) 1^45' 35" 

Latitude 42° 23' 20* 

This method is not confined to the pole star. It might obvi- 
ously be applied to any other star in the neighbourhood of the 
pole. Similar means may be used also with reference to stars 
or other bodies in other parts of the heavens. ZB (Jig. 51) Fig* ^^ 
being the latitude of a place whuse zenith is represented by the 
point Zf if we observe the greatest or meridian altitude HE9 of 
any heavenly body situated in the equator, and subtract this 
from 90^9 we shall have ZE. thelatitudeff* Moreover^ vvhen the 
heavenly biidyy instead of being in the equator^ is between the 
equator and the horizon^ by adding this declination, taken from 
the tables, we still have the altitude of the equator, and conse- 
quently the zenith distance or latitude. In case the body in 
question is between the equator^ and zenitli the declination is 
manifi^fly to be subtracted from the altitude in order to arrive 
at the same result. To deduce the latitude from an observation 
of the sun, the following are the steps to be taken. 

Obs. alt. of sun's upper limb, Oct. 11, 1820, 40<> 39' OS" 
Sun's semidiameter — 16' 05'' 
Refraction — i' 17" 
Parallax + 6" 

Correction — 17' 16" 

True alt. of sun's centre . 40* 21' 47" 

Sun's declin. south . +7° \4' 45*' 

Altitude of the equator Ar'^SQ'ssr 

90° 

Latitude , 4i^* 23' 28" 

t Where great accuracy is required, it is necessary to apply a cor- 
rection for aberration, nutation^ and ineqaality of the precession of 
the equinoxes. Also the mean refraction should be corrected for the 
state of the barometer and thermometer. 

tt When the sun, moon, or a planet is employed as above, for 
obtaining the latitude, beside Jhe correction already meptioned, 
another is to be applied on account of parallax. 

Top. 10 
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114, It may be impossible on accoant of the weather or other 
causes to take a meridian observation. In^ this ca^^e t*ecour8e is 
had to other meth6ds, some o( which have been intimated (95, 
97). It is very common at sea to make use of two altitudes of 
the sun and the intervening time* Let the two altitudes, for 
example, be 38° 19' and 50^ 25', and the intervening time l'^ 30V 
the sun^s declination being 19° 39'» and the place bei^ig in north 
latitude. 
Fig. 61. Let .^y B (Jig. 61), represent the two places of the sun, and 
we shall have .JA£ = 22° 30'^ and JV*.^, J^TB, each equal to 70"* 
2lS the sun being supposed not to change his declination during 
the interval between the observations. Whence, by supposing a 
perpendicular let fall from J>rto tiie middle niAB {Qeam. 484) 
we aliall have the proportion, 

As sin 90** 00' • . 10,00000 

is to sin^JVorflJV . . . 70° 2 1' . . 9,97394 
80 is . sin i •tfJVJJ ins' . . 9,29024 

^d sin|^^ 10*35' 13" ... 9,26418 

2 

JiB=z 21° 10' 26" 
Again, 
As sin ^B ... . 21° 10' 26" . . . . 9,55775 

0,44;225 
is to sin jJJVT? ... 22° 30' 00" .... 9,58284 
so is sin JJV . . . 70° 21' 00" . . . . 9,97394 

to sin JiBJ>r . • . 8ffM0'24"t. . . . 9,99903 

 ■■■III I I  - II l»  III I  ■■■III! ^— ,— III! I I  I 

t The formula for the case where two sides and the ineluJed angle 
are given ia applicable to the above question, notwithstanding the 
equality of the given sides, it will be seen that the factor sin ^ (6 — « c) 
(Trig. 61), becoming 0, destroys the expression for the diffelVence of 
the opposite angles, while cos ^ (6 — c) is equal to racljus ; whence 
we obtain the angles B^ C, as follows : , 

i(^J\r + 'BJy) « 70° 21' 00" . . cos . . • 9,52669 

0,47331 
}-(jJJV— JJJVO = 0** 0' 0^' . . cos * . . 10,00000 
|.flJV!B =sll*15*00" . . cot . . .10,70134 

.aHJVor 5JJV «86« liy 24" . . tang . . . 11,17465 



1* 



^n 



Now in the triangle JiBZ wc have the side AZ = the comple- 
ment of the 1st altitude = 51° 41', BZ = complement of the 2d 
altitude = SO** 35', and ^B == 21° 10' 26", as found above. 
Whence^ by the usual formula, 

JiZ=: 51*^ 41' 00" 
BZ = 39*» 35' 00" 
.AB=^2l° 10' 26" 



Sum . . 112° 26' -^e"' 



Half sum . 56° 13' 13" 



Ist. remainder 16° 38' 13" . . s1n . . . # 9,45683 
2d remainder 35*^ 02' 47" . • sin • . . . 9,75909 
BZ ... 39* 35' 00" • . ar. comp. sin • . 0,19572 
4B . . , 21° 10' 26" . • ar. comp. sin . . 0,44225 

19.85389 



57° 41' 29" .. sin • • . . 9,92695 

2 



.«BZ=115' 2-2' 58" 
ABJ^'sz g6* 10' 24" 



JVBZs 29° 12' 34'' ^ 

Lastly, in the triangle flZJV we have the side JVU = slin's 
co-declination = 70° 21', BZ = sun's co-altitude = 39° 35^, and 
the contained angle, to find ZJV*. 

By supposing a (teriiendicular JV7, let fall upon BZ produced, 
the first of Napier's rules gives 

sin (co JVBZ) = tang (co JVB) tang BP ; 
whence tang BF = cos JSTBZ tang J^TB, 

and by logarithms, 

. 29** 12' 34" . . • . 9.94094 
. 70^ 21' 00" .... 10,44725 



cos JVJ5Z 
tang JVJB 



tang BP 
BZ 



ZP\ . 



67o45'05'' .... 10,388ia 
39° 35' 00" 



= 28° 10' 05" 



t By using a perpendicular let fall from Z upon JV!0, the process 



7i ' 

AccordfRj^y, V tue ccmslder ^o JW; tso KZ, as midile'iMMits^ 
we shall have, by the feiu'th ofKftpier'fl rwlefl. 

As cos fiP • €7** 45' 05" • • %57Ml 
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0.42179 
is to sin (ro JVjB) = cos JSTfi . • TO© 21' 00*' • . 9.52669 

so is cos ZP 280 10' 05" . • 9,94526 



to sin (CO jVZ) = cos J^Z . • 38** 28' 03" • • 9,89374 

90° 00^ 00" 



Latitude == 51° 31' 57" 



I I «PW«MMI*awil 



would be nearly the same ; and one 4)t thehe tnetnods may be em- 
ployed to verify the result obtained by the other. 

In questions' like the above, the solution by Napier's rules is 
shorter than that by the formula '{Trig. 61.), as will be seen by the 
following application of the formula to the case just solved. 

JV5=: 70**:^l' 
JSZs 39'' 55' 



109° 5b' 



i(J^+BZ) = 54° 58' t:o8...9,758P5...sin... 9,91319 

>■ * 

0^105 0,08681 

1 (jra — BZ) = 15° 23' cos • . . 9^84i5,.,«in...,..9,42370 

^(J^BZ) « 14° 36' 17"....cot I0,58408...cot...l0,58408 

^ (BZJV + B.YZ) =81° 10' 53".,..tang,..10,S0928.,.tang,.lO,(i9459 
J(5ZJV — BJyZ)= 51° n' 27" 

BZJ^ = 1320 22' 20" 
As sin JETZJV. , • . IS^oSS'SO" . . . 9,86852 



13148 
is to sin JV5 .... 70*» 21' 00" . . . 9^97394 

80 18 Bin ^frZ .... 29** 12^34'' .. . 9,68842 



to sin J\rZ 38° 28' 03" . . . 9,79384 

This manner of solving the problem may 4)e preferable, when the 
'^time is to be calculated by the same observations of the sun's alti- 
tude, for it virill be seen that BJ^TZ^ the hour angle from noon, is 
immediately deduced from the above operation, since it is equal to 
i {BZJ^ + BJ^Z) — J (JBZyr— J?JV^), or 39° 59' 26" ; that is, 
Ik 59' 58". 
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liS. In the fbregm^ calculation we have att|lpo0pd the tw» 
altkades ef the mm to he takea at the same plare ; but as tbia 
^eMom happens at sea* a oorrection should be applied to the Arat 
altitude for the ship's change of situation* 

Let CE^ {fig. 43), represent the line described by the ship ^*' ^' 
^urin^ the interval hetween the observations* and P the Be* 
Aith of the place mt the 9A observation. It b evident that ED 
will be the correction in question* which is to be added t» the 
Ist altitiidey tf the track of the ship make an acute angle with 
ihe bearing of the sun* and to foe subtracted Mlien the angle of 
direction with respect to the sun is obtuse. I'he amount cif this 
correction Z)£, is readily found by means of the angle CED and 
the distance C£, as already explained (66). 

ll<i. 1. Given the following altitudes of the sun corrected for 
refraction &c«, namely* 18^ SO' and 44"^ with the intermediate 
tiflK S^t the sun's declination being 20° N* and the place of ob- 
servation being in north latitude* to find the latitude. 

.fns. 54«0i'N, 

^ When Hie sun's declination was 9,9,^ 40^ N. his correct altitude 
at 10^ 54' A, M. was 53^ £1^, and at l"» 17' P. M. it was 52o 48' 5 
required the latitude of the place* it being supposed to be north. 

^ns. 57*0a'24"N. 

I 
Of Terrestrial Longitude. 

117. We have spoken of the difference of longitude of places 
as deduced from certain data by the principles of plane trigono- 
metry (67 &c). Thei-e are other and more correct methods 
furnished us by astronomy* which remain to be mentioned. 

The apparent diurnal motion of the sun round the earth being 

completed in twenty-four hours, this portion of time is the 

measure of S60° of longitude* and one hour is tlie measure of 

S60° 

. or 150 of lonsttude. Now* as time is counted, or the 

24 ® 

Lours* minutes, &c.* begin to be reckoned* in dificrent places 
from the instant of the sun's passage over their ' respective 
meridians* the difference of time in any two places is the meas- 
ure of their difference of longitude* and may be converted into 
degrees* minutes, &c.* by considering one hour as equivalent to 
15"* and using the same proportion for a less quantity. A signal^ 
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thereforoy made from th^ top of a moutitiuiiy or from a ballooii, 
and observed at different {daces by correct tirae*keeperSf would 
furnish the means of directly estimating their difference of Ion* 
gitudef. 

Celestial phenomena, as eclipses, occultations, ftc., are better 
adapted to this purpo^^e, because they can be seen over a greater 
portion of the earth's surface. Some of these, as eclipses of the 
moon, and those of Jupiter's satellites, being an actual obscura- 
tion of the body in question, take place at the same point of ab- 
solute time, and only require to be accurately observed at twe 
different places, in order to obtain their difference oMongitode^ 
But with respect to the former, besides their infrequency, . tho 
commencement and termination of the phenomenon cannot be 
precisely noted, on accoufit of the indeiiniteness of the earth's 
shadow. This uncertainty amounts ordinarily to about two 
minutes, which corresponds to 30 minutes difference of longi- 
tude. Eclipses of Jupiter's satellites happen very often, and they 
admit of great precision as to the time of their occurring ; but they 
cannot be observed without tlie aid of a telescope, and are there- 
fore of little use to the mariner, on account of the difficulty of 
using this instrument on board of a ship. 

Eclipises of the sun and occultations of stars by the moon^ 
can be observed at sea and accurately noted. But it is to be 
remarked, that they do not take place at the same point of 
absolute time, in the different parts of the earth's surface where 
they are observed. Allowance, however, may be made for this 



t It will be perceived, that chronometers would afford the readiest 
means nf ascertaining the difference of longitude of places, if their 
rate of going could be fully depended upon. Having, for instance, 
at sea, a watch that accurately shows the time at Greenwich, we 
have only to find by observation the time for the meridian in which 
we are situated (102), (that is» how much the watch is too fast or too 
slow), in order to show the longitude of the place w^ are in, which 
will be east or west, acconiing as the time 'thus found, is later or 
earlier than that at Greenwich. Chronometers are indeed much 
used ; but« beside the small errors in their rate of going, to which 
the best are subject, especially in long voyages, they are liable to ac- 
cidents which cannot be foreseeen, or even known to exists except by 
a recourse to other methods of finding the longitude. 
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tftiffereiicef and ivhen this is done, they afford the most accurate 
means of ascertaining the relative longitude of places. 

For the purposes, of navigation^ these phenomena are lia- 
ble to the objection of rare occurrence. . To supplj tliis defect 
an ingenious method has been devised^ by which any given diS" 
tance of the moon from the sun, or from a star^ is substituted 
for an actual contact, and made use of in the same way. In 
order, therefore, to apply tliis method, it is necessary to correct 
the apparent distance, as actually observed at any particular 
place, for the effect of parallax and refraction, and thus to re- 
duce it to what it' would be, if it were seen from the centre of 
the earth. Beside the apparent distance and time, the necessa- 
ry observations are the apparent altitudes of the two bodies in 
question. With these data, the true distance is found in the foN 
lowing manner. 

118. Let ZM(Jig. 62) be the apparent co-altitude or zenith FSgw 60. 
distance of the moon, and Zm her true zenith distance, .^m be^. 
ing the difference between the moon's refraction and her paral- 
lax in altitude. In like manner, let Z9 be the apparent zenith 
distance of the sun or a star, and Z$ its true zenith distance^ 
9 s being the difference between the sun's refraction and paral- 
lax, or the refraction simply in the case of a starf. 

There are two cases U'hich present themselves in the solution 
of this problem ; 1, with the three sides ZS^ ZMf SM, known 
by observation, to find the angle Z, common to the two triangles 
SZMiKZ'ni*^ 2, wii) the two corrected zenith distances Z^, 
Zm, and the contained angle Z, to find the true distance $ m. 
The requisite observations being as below ; we proceed accord- 
ing to rules already illustrated. 



t Since the observed altitude of any celestial object is affecteil by 
refraction and parallax, which alwajs take place in a vertical direc- 
tion, it is obvious that the observed distance between any two heaven- 
ly bodies will be effected by the same causes. In the case of the 
moon, the effect of parallax always exceeding that of refraction, her 
tru^ place is above her apparent place, the reverse of which happens 
with regard to the sun or a star, the parallax of the former never 
amounting to more than a few seconds, and that of the latter being 
altogether insensible. 
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1. Given app. alt. of siiii or star /Sr = 24° 48' 06" 
" « noon M = 12* 30' 00" 
app. dist. fiUtf =51* 28' S5" 

iiv'hence^ by taking the complements of the altitudes^ we hav«^ 
ZS = 65** 12' OO'^ 
ZJ«f= 77° 30' 00*' 
«J|f = 51°28' 35*' 



Slim 
Half sum 



194^ 10' 35" 

97*^ 05' 17" 
77'' 30' 00" 



1st difference 19« 35' 17" 

2d difference 31^ 53' 17" 

ZM 77^ 30' 00" 

ZS 6^5® 12' 00" 



log. sin ... 9,52538 

log. sin . . . 9,722^9 

ar. comp. log. sin 0,01040 

ar. comp. log.* sin 0,04202 



26 °33' 01" . • log. sin 
2 



• 



19,30059 
. 9,65029 



Z =53^06' 02" 
8. In the triangle ^siti we have, ZS 
Refnaetton + 2' 02'' 
Parallax — 0" 
Correction • • • 



• • 



= 65^ 12' 00" 



— 2' 02" 





Zs • . =65^ 14' 02" 




ZM . . =77^30^00" 


Parallax —55' 14" 


' 


Refraction + 4' 32" 




Correction 


. — 50'42" 



Zm. . =76^ 39' 18" 
The two sides Zs, Zm, and the contained angle Z, being 
known, by supposing a perpendicular s P, let fall from 8 upon 
Zntf the first of Napier's rules gives 

sin (CO Z) = tang (co Zs) tang ZP, 
whence tang ZP s= cos Z tang Zs, 



CM Z . . 53^0$' 02'' . « • 9,77945 

tang Zs . . 6I»^ 14' 0£'' • . . 10,33597 

tangZP . . 52** 27' 42" . . . 10,11442 

ZM. . 76** 39' 18'' 



mP . =24° 11' 36" 
And^ by the fourth of Napier's rules, co Zs, co sm, be- 
ing considered as middle parts, we have the proportion, 

as cos ZP . . 52^ 27' 42" . . 9,78483 

0,21517 
is to sill (coJ^s) = cos Zs • • es"" 14' 02" • • 9,62213 
sols ' cosiiiP. . 24^ 11' 36". .^ 9,96007 



to sin (co 5m) =cos sm . . . 51° 09' 36' . . 9,797S7t 
If now we suppose that observations^ simiiar to those above 
usedt gr() made under another meridian at tiie same absolute 
ti«^eb and reduced in tlie same msuiner, tiiey would evidently 
give Oie same true distance of the moon from the sun or a star. 
The dilference of time, therefore, at the two places of observa- 
tioiiji as ascertained by well regulated time-keepers, or by calcu- 
lattofi^ founded upon these same observations, would show their 
diference of longitude ; since they would have refei'euce to one 
common simultaneous occurrence in tile bearensff, just as much, 
to be depended upon, and as valuable, as an eclipse of the moon or 
of one of Jupiter's satellites^ 

Instead h{ actual observations at the two given places, it will 
be se^n, that if the true distance lyid time at one of the places 
wet<p. known by correct tables of the moon's motions, the conclu- 
sion would be the same. Hence, by means of a table of the 

 '  ' I I >| I II III  I III  I n il !■< ■■■!  I I ..I.I .1. 

t There are many ways of abridging the process for obtaining the 
true from the apparent distance of the moon from the sun or a star. 
The object of the above is merely to illustrate the essential parts of 
the operation to the theoretical student. 

tt As the moon completes a revolution of 360^ in about SO days, it 
moves at the rate of 12*^ in 24 hours, that is, dO' or its own diameter 
in an hour. Its change of place, therefore, with respect to the sun, 
and more especially with respect to stars near its path, will he at a 
mean about SO'' in a minute of time, a quantity easily distinguished 
by a good sextant. 

T(y. 11 
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true distances of the moon from the sun and certain stars^f calcu^ 
lated at suflSciently short intervals^ together with the correspond- 
ing times for any one particular meridian, as that of Greenwich, 
for instance, the relative longitude of any other place is readily 
determined. 

119. Let us now suppose, that the foregoing observations were 
made at a place whose longitude is not known, and that the time 
of the observations was 10^ 11' 14^^ in the evening, apparent time ; 
and tliat the distances of the moon from the same star, approach- 
ing the nearest to the above result, as put down in the Nautical 
Almanac, with the corresponding times, are 51** 49^ 57" at S**, 
and 50° 21' 17" ki 6^ . Taking the difference of these distances, 
and tiie difference between the latter and that in the example, 
we have the proportion 

1« 28' 40" : 3^ : : 1 1' 41" : o'' 23'43' 
Subtracting C»» 23' 43" from 6^, we have 5"» 36' 17" for the 
time at Greenwich, when the distance of the moon from the star 
was 51° 09' 36", or the time at Greenwich, at the moment when 
the observation was made, which, as before stated, was 10^ 1 1' 
14''. The difference of these times 4^ 34' 57*' f or, which is the 
same thing, 68° 30' 14", is therefore the difference of longitude; 
and we say, moreover, that it is easU because the time at the 
place of observation is later than that at Greenwich ; had it 
been earlier than Greenwich time, the longitude would have 
been wesU 
1 . Given app, alt. of the sun's centre . • 84* 07' 00" 
app. alt. of the moon's centre . . 5° 1 7' 00" 
app. dist. of sun and moon's centres 90°^ 21' 13^ 
true alt. of sun's centre . . . 84© 06' 55*^ 
true alt. of moon's centre • . . 6<» 09' 04" 
to find the true distance of the sun and moon's centres. 

Ans. 89««9'1S" 

t The stars, made use of in the Nautical Almanac for this pur- 
pose are « •Srietisy JUdebarariy et Pegasi, Pollno', Regulus, Spica 
YirginiSj jintares^ Fomaihaut, and « AquiloB. The distances are 
giytjn for every three hours of apparent time at Greenwich. The 
time corresponding to any intermediate distance can be found by a 
simple proportion, isince the moon's motion may, without sensible er- 
ror, be considered as uniform for this space of time. 
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2. Given app* dist of the siiti and 

. moon's nearest limbs 
a^. alt of the moon's lower limb 
app. alt. of the sun's lower limb 
moon's correct semidiameter 



« 



S8M4'53" 

29° 15' 59" 

S5° 27' 14" 

15' 01" 

15' 46'' 

5(y 13" 

1'40" 

07" 

1' 19" 



sun's 

moon's parallax in alt. 

*' refraction . 
sun's parallax 
** refraction 

It is required to make the reductions and find the true distance 
of the sun and moon's centres. * Jhis. 38'' S8' £2^ 

liet it be supposed that the time of the above observations was 
ifl^ 2S' 32", or 23' 32' past noon» and that the nearest distances 
put down in the Nautical Almanac for the same day, with the 
corresponding times, are 37^ 50' 28" at 3^ , and 39° 34' 24" at 6^* . 
The longitude of the place of observation is required. 

Jins. 3^ 42' 06" or 55° 30^0 1" west. 
S. Given app. alt. of moon's centre . 24<> 29^ 44^^ 

true alt « " . 

— app. alt. rf star's centre . 
true alt. <* << 
app. dist. of moon and star 
time at place of observation 
times at Geenwich with the nearest corresponding distances as 
follows, namely, 

at 9^ • • • dist. 
• at 12^ . . . dist. 

required the longitude of the place. 



25° 17' 45" 
45^ 09' 12" 
45^ 08' 15^ 
63" 35' 13" 
lO'* 15' 00" 



62° 49' 15" 
64° 19' 56" 



Ms. 11° 09' SO" E. 



MiH^Uaneous questions to be solved by the mks of Spherical 

Trigonometry, 

120. 1. Given the place of a comet at its first appearance, 
naniely, declination 29"* 33' 12" N., right ascension US'" 40' 33", 
and also at its last appearance, namely, declination 16^ 29' 08" 
N., right ascension 314° 42' 43" ; to find the length of the path 
described by it while visible, it being supposed to move in the 

arc of a great circle. 

Ms. 132M4'22'v 



S. In north latitude at li>^ 10" and at 12*^ 40' per watdi, tlie 
altitude of the sun's lower limb was the same, which being cor- 
rected was 26^ 55', and his declihatkni was-S"" 17' S*; required 
the latitude of the place. 

• «A«S. 57^ 09' N. 
5. In north latitude when the sun's declination was iS^ 45'N.> 
his altitude at S^- 39' 33" A. M. was 36** 5^. Required the lati- 
tude of the place {Jig. 61). 

Mb. 46° 42'. 

4. Given the right ascension of Sirios or the dog star 99° 18' 

12'% and declination 16° 28' 21'' S., to find the point of the 

'I 

ecliptic which rises at the same time with the star, in latitode 
42® 23' 28'' N., and thence the time of the year when the star 
rises cosmically, or with the sunf. 

5. The diminittioii of the obliqnitj of the ediptie since th^ 
time of Eratostiienes hairing amounted to S3' 28", it is proposed 
to And hdw much the lonsfest day is diminished and the shortest 
indreased orn this account in latitude 4^"^ 23' 28^. 

An9, 3' 44". 

6. It is required to find how much the afternoon is increased 
or diminished at the equinoxes, 21st of March and 28d of Sep- 
tember; in kUitude 42° 23' 28", on account of the sun's change 
of declination, the amount of this change in 24^^* according to 
the Nautical Almanac being 23' 24". 

^nB. 89"* 

7. Given the latitude of the Liaard 49° 57^ N*^ and its longi- 
tude from Greenwich 5° 15' W., and the latitude of the island 
St. Mary 36"^ 57' N. and its longitude 25"" 09' W. ; to find the dis- 
tance and bearing of the former place fr^m the latter, oh the 
supposition that flie earth is a perfect sphere. 

Jns. Distance 19° 19' 21" = .1159,3 nautical mSes, 

beari ng S. 4 1 ° 26' 4 5" W^{. 

t An ailiHcial globe will be found of great u6e in forming^ tite 
triangles employed in the solution of the above quesitions. 

tt The results of this method will be found to diffisr tomewftet 
from those obtained by the application of plane trigonometry to Min 
cator's chart (77)^ on account of the arc of a great circle differing ii 
*'" length and position from tlie loxodromic curve (note to page 41). 
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CBiASTRUIW. 

Cf Surveffitit and Ltodlvi^. 

121^ Surveying consists in several distinct operations; 1, in 
measuring certain lines and angles in the field to be surveyed ; 
%9 in representing these lines and angles upon paper ; 3^ in com- 
puting the areas or contentz of the fields or territories thus rep- 
resented. 

The necessary lines and angles are determined in this case 
like other lines and angles, by means of proper instruments^ 
to which we have had occasion already to refcrf. The meas- 
ures taken in a field are protracted or transferred to paper; 
by the usual problems for the construction of figures (Geom. 
132, &c). In common surveying the portions of the earth sub- 
jec^d to measurement,, being very smalU compared with the 
whole surface, are considered as plane figures. Wliere the sur- 
vey extends to large tracts of country, comprehending several 
degrees of latitude and longitude, allowance is to be made for 
the curvature of the earth's surface ; and the representation 
should be given according to the laws of projection (^ &c)« 
The plan in tkis^ caae becomes a map* 

Of the contents cf fields bounded ky straight Knes. 

19^ iiet tlie fieldf whose content is required, be of the form of 
a patuHelograin, the sides and anglesff being known. In this 
case the area is equal to the product of tlie length by the breadth, 
or base by the altitude {Geom. 174). 

If the parallelogram be rectangular, aB ABCD (fig. 63), the ^ig. 63. 



t Beside the instruments empfoyed in the determination of heights 
aod distances, and in navigation, there are others adapted particu- 
larly to surveying, the description and use of which will be found in 
the notet. 

tt One of the angles being known, the whole are known, because 
the opposite angles are equal (Gfeom. 84), and the adjacent ones are 
supplements of each other (Glf«om. 64). The sines of all the angles 
therefore are equal to each other. 
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IH*oduct of the length by the breadth is the product of any two 
contiguous sides. 
Fig. 64. If the parallelogram be obIique<4ng1ed, as ABCD (^figm 64), 
the breadth or perpendicular distance of either two opposite 
sides, as CP9 is equal to the product of the corresponding ob- 
lique side CB by the sine of the angle of the parallelograna, 
radius being unity {Trig. SO). Hence, the area of a paralUtogram 
is equal to the prodntct of any two contiguous sides midtiptied by the 
sine of the contained angle, radius being unity, 
. Given AB = 59 chains 80 links, or 59,80ch., AC s= S7,05 clu, 
and A = 90<», we have 59,8 x dr,05 x 1 = 2215,59 square chains 
= 22155900 square links. Now, since 10 square chains, or 
100000 square links,, make an acre, if we divide the area in 
chains by 10, or the area in links by 100000, and multiply there- 
mainder successively by 4 and by 40, dividing each time by the 
same number, we shall have the content in the usual denomi- 
nations employed in surveying ^ thus, 

221,559 • 

4 



«i 



5^236 
40 

9,44 
Area = 221»«« 2«»* 9,44p«'***- 

Given AB = 59,80 ch. AC = 37,05 ch*, the angle A s= 72^ 10', 
to find the area. 

We have AB x j2C= 2215,59, as before, which, multiplied by 
0,95195, the natural sine of 72'' 10', radios being 1, gives S109,1S 
= 210^ S'- 26P- 
Or performing the whole by logarithms, 
. AB ... 59,80 . . . log. . • • 1,77670 
AC ... . 37,05 . . • log. . . . 1,56879 . 
^ . . . 72° 10' . . . log. sin . . 9,97861 

210,91 3,32410 

4 



3,64 
40 

25,60 



Area = 210^3 '• 25,6p» 



l£$. 1. Given tbe length = 5^9&5 ck^ and the breadth s S89S4 
cb.y €^ a rectangular fields to find the area in acres^ roods^ 
and perches. 

Aw. 199^ S«- 8,6»- 

^. Given one side of a paraUelogram = i5,S6 ch.9 and its 
t^omtiguous side = 11,46 cb«i the included angle being 47° 30'jto 
fiiul the area. 

JhSm 12^ S"^- 36P- 

1£4. Since every parallelogram is divided by its diagonal into 
two similar and equal triangles (Gfaam. 87)» any triangle what- 
ever may be considered as half of a parallelogram. We hence 
^rive tbe following general rule for those cases where two 
sides and the included angle are known. The area of a triangle 
is equal to ha^ the product of any two of Us sides mulHplied by the 
Mtie of the included angle f radius being unity. 

If the included angle be a right angle^ the sine being equal 
4o radius, or 1, the rule will give for the area half the product of 
the two sides» or^ which is the same thing, the product of one 
side by half the other. 

Moreover, since any triangle whatever is equal to a right- 
angled triangle of the same base and altitude (^Oeom. 170), we 
can make use of the following simple rule, where the known 
parts admit of it, as equivalent to the foregoing ; namely, the 
area of a triangle is equal to the product of the base by half its alti' 
tude. 

Given JB {Jig. 65) = 12,38 ch., j3C= 6,78 ch., and the angle Fig. 65. 
Ji = 46^ M' to find the ai*ea. 

12,38 • . . • log 1,09272 

6,78 .... log 0,83123 

40^ 24' . . . log. sin . . ' . 9,85984 

6,0,8986 J,78389 

4 



35944 
40 



14,37760, • Area = 6*- 0'- 14*- 

125. 1. Given one side of a triangular fidd == 18,37 ch., and 
the perpendicular distance from this side to the opposite angle 
=. 13,44 ch., to find the area. 

Ans. 12«- l*^- 15P- 
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r 

2. In ia trtati^ofar fteM tme side being found %y measurement 
to be ^4 perches, andanoHier side 40,5 percfaes, andllie included 
an^le 30^ ; required the area. 

Jtns. 4*-C'-8i»- 
3* Required the area of a ti*iangu1ar piece of ground, one side 
Of which measures 19,74 ch., its bearing being N. 82** 30' W., 
and another side 17,34 ch,, tlie bearing of this latter from the 
same station being S. 24° 15' E. 

Ms. 14^ 2*^ 8^ 

126. When the given parts are a side and the adjacent angles 
or two sides and an angle opposite to one of them, the side or 
angle required in order to apply one of the above rales, may tt ' 
found by trigonometry (Trig* 34). 

127. it may sometimes happen, either from the want of instru- 
ments or the inconvenience of using them in particular situa*> 
tions, that the angles of a triangle are neitlier of them known. 
In this case, the three sides being given, we can calculate one of 
the angles by the rules of trigonometry, or which is prefetiiUe, 
apply the formula 

A = x/s(8 - b) (8 — c) (s — a) (Tng. 75), 

where a, 6, c, ai*e tlie tliree sides, s their half, and A the area. ' 

Pig. 66. Given AB {fig. 66) = 49 ch., AC = 50,25 ch., BC = 25,69 ch., 

to find the area* 

49,00 

50,25 

25,69 

Sum • . . 124,94 

Half sum . . 62,47 . . * . • 1,79567 

1st remainder 13,47 1,12937 

2d remainder 12,22 1,08707 

3d remainder 36,78 1,56561 

5,57772 

615,75 2,78886 

And 615,75 square chains is jequalto 61** 2'- 8^ 
The above formula is one of the most useful in practical ge- 
ometry, since it enables iis to effect the survey of any right4ined 
field by means of the chain only. 



I 
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1£8> 1. Given the three sides a, b, c, of a triangular field ; 
namely^ a = 10^64 ch*^ b = 1^,28 ; and csz9,to find the area^ 

Jlns. 4«- £'• 26P- 

2. Given the four sides of a quadrilateral field, namely, AB 
= 17,22 ch., AC = 7,45 ch., CD = 14,10 , ch., and BD = 
5,2.5 ch., together with the diagonal AD = 15,04 ch., to find the 
area. 

Ans^ 8»- 3'- 37, 8P- 

129* Any field bounded by straight lines may be divided i^to 
triangles, and the areas of these triangles being computed ac- 
cording to one of the foregoing rules, their sum will be the area 
of the whole field. Let ABCDE,{fig. 67) be a piece of ground. Fig. 67. 
the sides and angles of which have been measured. By the 
diagonals E£, £C, it is decomposed into the triangles ABE9 
BCE9 CDE9 which may be computed by one or the otiier of the 
rules already givenf. 

ISO. If the given field is bounded in part by a circular curve, 
as ABC {fig. 68), this may be separated from the rest of the Fig. 68. 
figure by the radii AO^ CO9 or by the chord AC. 



fThe diagonals EB^ BC, may be calculated. by the rules of trigo- 
nometry, and then all the sides of the several triangles being knpwn, 
their areas are found by article (127). A much shorter method is to 
take in the compasses the extent of these lines and that of the perpen- 
diculars AFf BGj BHy and apply them to the scale used in protract- 
ing the survey, which will give the base and altitude of each of the 
triangles 5 then EB y.\AF+ ECy.\ (BG + DH) will be the 
area. It will be perceived, moreover, that instead of measuring the 
sides and angles of the field, these diagonals and perpendiculars will 
be sufficient for forming a plan of the field and determining its area. 

It may be remarked further, that any four-sided field, as EBCD, 
can be surveyed by measuring either diagonal ^C,^and the perpen- 
diculars let fall from the opposite angles ; and the area of the field 
will be equal to the product of the diagonal by half the sum of the 
perpendiculars. 

If any two sides of a field, or of the portions into which a field is 
decomposed, be parallel, as •JB, £(7, the figure ABCE becomes a 
trapezoid, and its area is found by multiplying half the sum of the 
parallel sides AB, EC, by the perpendicular distance BQ {Geom. 
178). 

Top. 12 
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Let AO or CO, for example, be 9A*S9 eh. and the arc ABC9 or 
which is the same thing, the angle AOC equal 23^ Since the 
sectors of circles are as the number of degrees contained in the 
arc of the sector* as 360^ is to the area of the whole circle or 
(2i2»50)* X 5,1416, so is ZS° to the area of the sector equal to 

^^^'^^^^360 ^'^^^^ ^ ^^° (^^^- ^^^)' *"* ^^ logarithms, 
360 log. 2,55630 

7,44370 

£2,50 • '. . • 2log. 2,70436 

3,1416 . • • • log. 0,49714 

23 log 1,36173 

Area of ABCO =1,016 2,00693 

4 
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0,64 
40 

25,60 

Ans. 10«-0^*25,6^ 

131. A segment of a circle being the difference between the 
corresponding sector and the triangle contained by the two radii 
and the chord of the given arc, liaving found the area of the 
sector ABCO, we obtain that of the segment j^BCD by subtract- 
ing from the former the area of the triangle AOC. 

132. Grounds are sometimes laid out in the form of an ellipse, 
the area of which is found by multiplying the product of the 
two axes, or greatest and least diameters by the decimal 0,7854f • 

t Since the ordinates to the transverse axis of an ellipse are to the 
corresponding ordinates of the circle in a constant ratio, that is, as 
the semiconjngate to the aemitransverse (^Trig. 114), the sum of the 
ordinates in the ellipse (or 4he area of the ellipse) is to the sum of 
the corresponding ordinates in the circumscribed circle (or the area 
of the circle) as the conjugate axis is to the transverse. 

Again, since the ordinates to the conjugate axis of an ellipse are 
to the corresponding ordinates of the circle as the transverse axis to 
the conjugate, the area of the ellipse is to that of the inscribed circle 
as the transverse axis is to the conjugate. The above proportions 
may be stated thus, 
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This figure heing a mean proportional between it$ drcnmacrib- 
ed and inscribed circles, that is, equal to a circle whose diame- 
ter is a mean propcu^ional between the axes of the ellipse, we 
may consider the {iroduct of the two axes of any ellipse is the 
square of the diameter of a circle of the same area. But the 
diameter of a circle being squared and multiplied by 0,7854 
&c., (the area of a circle whose diameter is onef), the product 
will be the area. * Hence the area of an ellipse is found by mtitti- 
plying the product of the two axes or greatest and least diameters 
by 0,7854 &c. 

\SS. Sometimes the boundary of a field is irregularly curved, 
or is made up of straight lines of small extent, as JBCB &c. Fig. 69 
0ig9 69). In this case it is usual, especially where great accu- 
racy is not required, to assume a line, as Jf M^ from which the 
perpendicular distances or offsets ^Ay BB, C'C, &c., are measur- 
ed ; and in computing the contents the mean of all these distan- 
ces is taken as equivalent to the average breadth of the part 
comprehended between ABCD &c. and A! M\ and the area is es- 
timated accordingly. 

134. The area of a field may be computed by means of the 
difference of latitude and departure corresponding to the direc- 
tion and length of the several sides. Thus in the field dBCB (Jig. Pig. ro. 
70) beginning at the westernmost point wS, with the bearing of 
AB and its distance, we find the difference of latitude Ab and 
departure ( £, as in navigationf. We proceed in like manner 
I*   ' — — — - — «■■ -  1 1  

ellipse : circumscribed circle : : conjugate : transverse, 
ellipse : inscribed circle : : transverse : conjogate. 

If we take the products of the corresponding terms, the two last 
terms of this new proportion become the same ; whence the two first 
terms are equal, that iS| the square of the ellipse is equal to the pro* 
duct of the circumscribed and iascribed circlesy or in other, words, the 
ellipse is a mean proportional between the two inches. 

t The diameter of a circle being 1, its circumference is S)14i59, &c. 
[Geonu 294). But the area is found by multiplying the circumference 
by half of the radius or one fourth of the diameter, {Geom> 289). 
Whence \ of 3,14159 &c., or 0,7854 &c., is the area of a circle whose 
diameter is 1. 

t Instead of calculating each of the latitudes and departures by 
the rules of trigonometry it is usual to take them from a table of 
latitudes and departure prepared for problems of this kind» 
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Viith each of the other sideSf and thus obtain snccessively tCp 
mCffi D or cdf Cn, ^d^ and D d. 

The area of the space JB b is found by multiplying half the 
departure 5 ^ by the difference of latitude Jib* So also the area 
of b B Cc is found by multiplying half the sum of the departures 
hB^cC^ by the difference of latitude be^ and the area of AdD, 
is equal to the product of half dDby ^d. 

But if these several areas be subtracted fW>m the trapezoid 
cC Ddf or from ^ (cC + dD) x cd, we shall have for the re- 
jnainder the area of JIBCD* 

It will be seen that all the areas to be subtracted belong to 
those sides of the field, AB9 BC, DA, whose bearing is northerly 
and whdse differences of latitude are all in the same direction $ 
and that tlie trapezoid c CD d belongs to the side of the field 
CD9 whose bearing or difference of latitude is southerly* 
Moreover, the departures^ QfbBfCCfd D» O9 are obtained by 
adding successively the departure corresponding to each side of 
the field to the preceding, beginning and ending with 0, and re- 
garding the east departui*es as plus^ and the west departures as 
minus. 

The above reasoning is applicable to any rectilinear figure^ 
whatever the number and position of the sides^ as will be evident 
from a slight inspection Qf figui*e 71. 

When the bearing of one of the sides, as DE^ is due east or 
west, the corresponuing difference of latitude being 0, the area 
of |(d D + dE) xOis nothing. Also when one of the sides is 
due north or south, as FG, the corresponding departure being 6^ 
^(fP + ^ ») is eq"al to fF ovgO. 

Sometimes in the case of a reentering angle like MU, a por- 
tion of the figure Mr is reckoned twice. But this is corrected 
by the subtractire space h Hit, which includes not only the exte- 
rior portion h HI A^hut also the whole additive triangle Ali be- 
longing to the last side of the figure IJi, 

"When the' above method is adopted, it will be found convenient 
to arrange the several results as in the following table, adapted 
to figure 70. 



BureeyingM 



9S 



Bearings. 

£C N. 83® E. 
CJ} S. U°E. 

nji N. rr^w 



Dist 

17 
11 
23 

23,66 



N. 

15,65 
1,34 



5,3 



S. 



22,32 



E. 

6,64 

10,92 

5,56 



W. 



23,05 



Dep 

6,64 
17,56 
23,12 



Sumf 

6,64 
24,20 
40,63 
23.12 



North ISoutbj 
areas. I areas.! 
103,92 
32,4 

i 23,23 



907,98 



|12,32|22,32123,12|23,05|| | l|2.59,.58|O07/^8 



Half 



2i9,58 



648,40 



324,20 



Area =S£* !'• 27,2P' 
It may be remarked thatf Mrhen the several* operations are per- 
formed nvitb perfect accuracy^ the sum of the northings ^ ill be 
equal that of the southings, and the sum of the eastings to that of 
the westings. This necessarily follows from the circumstance of 
the surveyor's returning to the place from which he set out ; and 
it affords a means of judging of the correctness of the work. But 
it is not to be expected that the measurements and calculations in 
ordinary surveying will strictly bear this test. If there is only 
a small difference, as in the above example, between the north- 
ings and southings, or between the eastings and westings, it 
may be imputed to slight imperfections in the measurements. 
If the difference is considerable, the work should be reviewed, 
and if no error can be discovered, the difference above mentioned 
ought to be apportioned among the differences of latitude and 
departure in such a manner as to produce the least possible 
change in the given numbers.' This is done by the following 
proportions. As the sum of the boundary lines ^B, BCy &c., is 
to the error in latitude, so is the length of any particular boun- 
dary to the correction of its corresponding difference of latitude $ 
and as the sum of the same boundary lines is to the error in the de- 
departure, so is any particular boundary to the correction of the 
corresponding departure. The correction in each case is addi- 
tive or subtractive, according as it belongs to the column whose 
sum is the least, or to that whose sum is the greatest ff ; thus, in 
the above example, 

t Instead of multiplying half the sum of the departures at each 
step by the difference of latitude, it is more convenient in practice 
to employ the entire sum of the departures, and then to take half 
the final result, as in the above example. 

ft The learner may find a demonstration of the above rule by 
Bowditcb, and also by professor Adrain, in the Analyst, No. 4, edit- 
ed by the latter gentleman. 
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JIB + BC + &C. = 74,66 : 0,0r : : It : 0,02 

' : : U : 0,p| 
: : 23 : O^OS 
I, , , . :: 23,66: 0,02 

The three first of tlie above corrections belonging to the 
columo whose sum is the greatest, they are to be subtracted 
from their respective departures. The fourth correction for the 
opposite reason is additive. They are applied below according 
to their signs. 

£• • W. Correction. Cor. E. Cor. W. 

.6,64 ' —0,09 6,62 

10,92 — 0,01 10,91 

5,56 —0,02 5,54 

23,05 + 0,02 23,07 

Sum 23,0r 23,07 

The departures, thus corrected, become equal, and the cor- 
rected area is 3^^** r* 18,1P'. 

The above will ^rve as an illustration of the rule. In most 
cases both the latitudes and departures require correction. 

One advantage of the foregoing method of computing the cont 
tents of a field is, that it may be directly applied to the original 
minutes taken of the survey, without any plan being drawn^ 
and without relying in any degree upon the accuracy of a con« 
structed figure. 

135. 1. Given the following bearings and distances of the 
several sides of a field, namely, 

1. N. 58° E. 19ch. ' 

2. E. 6** S. 20 

3. S. 17° W. 20 
4* W. 20 

5. N. 42° 35' W. 15,10 
to find the area. 

.fftw. 54«* 3^- 24P' 
2. Given the following bearings and distances, namely, 

1. N. 45° E. 40 ch. 

2. S. 30*> W. 25 

3. S. 5°E. 36 

4. W. 29,60 

5. N.20°E. 31 

to find the corrected differences of latitude and departure; 
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Jta. 



N. 


S. 


E. 


w;-" 


1. 


£8,30 




28,30 




$. 




21,63 


' 


12,49 


3. 




35,84 


3,16 




4. 


0,02 






29,59 


5- 


29,15 




10,62 




57,47 


57,47 


42,08 


42,08 



Division of Land. 

1S6. There is often occasion after surveying a piece of gpround 
to divide it into portions or lots,' of tertaui given dimtosions or 
bearing a certain proportion to the whoje. 

We have already given general methods adapted to questions 
of this kind [Geom. 255 &c. Trig. 80 Jic.). But there are par- 
^idar problems occuring in surveying that admit of very sim- 
ple solutions. 

137. Suppose, for example, that the given field is of a trian- 
gular form, and that it is proposed to divide it into two parts 
that shall be to each other as m to ti. 

1. If the dividing line is to proceed from one of the angles, as 

A (^Jig. 72), we divide the opposite side CB into two parts, having pig, 72. 
the ratio to each other of m to n (^Qeom. 236), and draw the line 
d e from the vertex of the angle Jt to the point of division e. 
Then since the tvisLng\esJiCe,AeB have the same altitude, 
they roust be to each other as their bases, that is, as m to n. 
Whatever the number and ratio of the parts into which CBia 
divided, the partial triangles, found as above, will be to each othfAr 
as these parts. 

2. If the dividing line is required to be parallel to one of the 
sides of the field as AB (^fig. 73), the*portion cut oflf being simi?Fig.73; 
lar to the whole, we shall have {Oeom. 21 R), 



or 



whence 



CJiB: Ceefii CA\ Ve, 



m+n: m :i CA: Ce; 



Ce = 



— % 

CJim 
111 + *^ 



and 



m 



m -f ^ 



CfwS 



 till 
therefore Ce is a mean proportional between Cd and A —r — • 

If the side CA be 15ch.9 and the portion Ce e'^ to be cut off, be 
one 'half of the triangle CJiBf'we shall have 

 TO — 

^f — ; — = 15 Vi = 15 X 0,707 = 10,605ch. 

Fiff. 74. I'^ '^ ^^i*^ proposed to divide the triangle dBC (Jig. 74) into 
three equal parts, by lines parallel to JiB, it is evident from what 
is above sh(^vn that we should, have 

Cd=C^y^pand Cil' = C^^/F. 

3. The conditions of the problem may require that the divid« 
Fiff. 75. iiig line or lines should proceed from a given point D (Jig. 75) 
in one of the sides. 

If it were proposed, for instance, to divide the triangle into 
three equal parts. Having divided the side AC according to this 
same proportion, through the points of division F, jP, we draw 
e F,ef F' parallel to BD>, then joining e D, e' D, we shall have 
AeDiCBd^ef DC, equal to each other, or in the ratio of the 
lines AF, FF, FC. 1 his will be i*endered evident by suppos- 
ing lines drawn from iB to F and F', making three triangles of 
the same altitude and consequently having the same ratio to each 
other as their bases. But, since eF^ef F*, are each parallel to 
ED, Aeflis equal to ABF, and Ce' Dia CBF'. 

Knowing therefore AB and AD as well as AC, we have only 
to find a fourth pro^rtional d(te, to the three given lines AD, 

^ AC 

AB, — or AF (Geom. 237). The point ef is found in the same 

manner. 

The above method is evidently applicable to a division of the 
given triangle into a greater number of parts, and such as bear 
a different relation to each other. 
Fig. 76. 4. The problem jpay require that the dividing line EF (fig.7S) 
should be perpendicular to one of the sides of the given trian- 
gle. In this case, the ratio of the parts being expressed by 
m:n,let AE = X, EFszy, AD=i a,AB=zb, CZ^ = A 5 we have^ 

ABC or -^lAEF or ^ :i m+n : m. 
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whence ^ 

xy ^ ibknt 
"2* '^ m + n 
Bat, since by similar triangles, 

y h X 

a I h : : X : y, y = — • 

Substituting for y this value, we obtain 

hx^ Ibhm « b.am 
-r- = ' — ; — or a;* = — ; — . 

We find therefore that x or dE is a mean proportional between 

b and — ; — • If m s= n, the triangle JtFB being one half of 

JlCB, we should have 

. ab 

that is, *9E is a mean proportional between the base JIB and half 
of the segment JtD. AE may chance to be greater than AD^ in 
which case we should designate cBhyx^ and BD by a. 

138. The division to be performed may relate to a field of four 
or more sides. In the case of a parallelogram, if the dividing 
line, as EF (^fig. 77)9 be required to be parallel to one of the Fig. 7^7 
sides JiB, the distance at which this line is to be drawn, 

may be found by dividing the area of the portion to be separated 
by JiB. If the parallelogram be oblique-angled {Jig. 78), and Fig. 7B. 
the conditions of the problem require that the dividing line EF 
should be perpendicula,r to one of the sides, and meet at the 
same time the oppositef, since the figure to be cut off will be a 
trapezoid, dividing it by E^f supposed to be known, we have for 
the quotient the distance of EF from /the middle otJiD {Qtom* 
179). 

139. With respect to other quadrilaterals and figures of more 

than four sides, if we suppose two sides Ad BD (Jig. 79), pro- Fig, 79, 
duced till they meet, they will form with the intercepted side CD, 
a triangle, which, as all the parts of given figures are supposed 
to be known, will be known also. This being added to the part 
that is to be cut ofi*, the problem reduces itself to one ur the 
other of the cases already considered. 



t If the dividing line do not meet both the aides of the parallelo- 
gram, the portion to be cut off i^ a triangle, and the case refers itself 
to art 137,4. 
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Ltodling. 

140. Two or more points are said to be on a level when they 
are equally distant from the, centre of the earthf ^ or from the 
surface of a tranquil fluids supposed to be situated immediately 
above or below thMsm. A levd surface^ therefore, is one that is 
every where perpendicular to a plumb-line, or the radius of the 
earth considered as a sphere. This is called a true Uvd, while 
a straight line or plane that is perpendicular to the radius of the 
sphere or plumb-line only at one pointf is denominated an op- 

7jg. BO^parent Uvd. Thus AB (Jig. 80) represents an: apparent level, 
JiD a true level, and BD the deviation of the one from the other, 
or the difference of levd of the points. j9, B, referred to a tangent 
at J. 

141. Knowing the tangent JiB, we readily find BD by the 
proportion, 

BB I AB \. AB I BD (Qeom. 228), 
which gives 

„^ AB AB 



BH'^^CD'^BIf 
But, as BD is always small in comparison with 2 CD, the diam- 
eter of the earth, it may be neglected in the second member of 
the above equationjf ; and, in most cases, for the same reason, 
AD may be considered as equal to AB ; whence 



9, CD' 

In like manner, for another distance AD/, we shall have 

^^ -2CD' 

t The small errors committed by supposing the earth a sphere in- 
stead of a spheroid, are safely neglected in the common operations 
of levelling. 

tt If it were necessary we might find the difference of level with- 
out neglecting BD. Thus from the above equation we obtain 

BD + ZCDxBD^AB, 
or, calling BD x, CD a^ and ^B ft, 

«• + 2fliv « 6«, and 07 as — a + Vft* + a« (Alg. Ip9). 
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4 

ud 

nn wn ^ ^ 

thatiSf the d^erenee tg leodfir d^emit dutanees, i$ a$ the $jitan 
of the dutanee. 

The digtance JUt being supposed, for ezraiple» = 1 statute mile 
or 5280 feet, and 2 CD, the diameter of flie earth ss 7912 mSkai 
or 7912 X 5280 feet, we have 



and ij Ic^rtthms^ 

5280 . . 
7912 . . 
5280 . . 


^ 7912 X 5280^ 

« 

. 2 bg. 7,44521 

• log. . \ 3,89829 
. log. . . . 3,72263 

- T.fifiOOS 






0^6673 
12 


— 1^82434 



JI9 s= 8,0076 inches. 

Thus the diflteence between the a^arent and tme level, an- 
swering to a ^stance of one mile» is 8 inches. 

142. For any other distance^ as 2| miles for Instance, instead 
of repeating the above process, we can ase the proportion 

1* : (2,5)« =6J :: 8iii : 52int. 

143. The difference of level of two stations is sometimes com- 
puted by means of the zenith distance of each station as observ- 
ed from the othec Let A, B {Jig. 81), be two stations at which pj^^ 31^ 
the zenith distances are observed ; namely, ZAB9 VBA, formed 



t The difference of level for one mile being in feet fgi^yTT^M 

* 5J280 
or — -^ that ]§, I very nearly, and the difference of level for any 

other distance being as the square of the distance, we have the fol- 
lowing convenient rale for finding the difference of level, namely, 
taike two thirds of the square of the distance in miles far the d^er^^ 
ence of level in feet nearly. Thus in the above example, | (2^ 5)' ^"^ 
I 6^ ss 4-1 feet or 53 inches. 
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by the vertical lines CZ, CV, and the straight line JStB. If 
through the point Ji we draw the chord JiB% parallel to the ter- 
restrial chord a bf the points Ji, B\ will be on a level, and BB 
will be the height of the point B above the point B'. The arc 
ABf being supposed to be known, maj on account of its small- 
ness be taken for its chord ; then, by the common theorem for 
plane triangles, we have 

sin BAB : sin ABB' ii BW i AB^ 
whence 

^^ AB' X sin BAB 

^^ = ixMABB • 

But BAB = 180° — ZAB — BAG 

= 180« — ZAB — (90° — i C) 
=s 90° — Z^flJI+^C; * 
and ABB = 1 80° — VBA. 

Now from the triangle ABCvf% have 

180°= C+ (180°— ZAB) + (180° — VBA), 
or 90° = | C+ 90° — I ZAB + 90° — ^ VBA^ 

whence 

90° = |(Z,flfl+ FilJ)— ^C. 

Substituting this value for 90° in the above expressions for 

BAB, ABB, we obtain 

, BABz^iiZAB+VBA)—^C — ZAB + ^C 

z=i^{yBA—ZAB) 

ABB = 90° + ^ {ZAB + VBA) — \ C— VBA 

= 90° + 1 {ZAB— VBA — C). 

Putting these values for BAB'f ABB9 in the expression for 

BB, and designating the chord of the arc AB' by K, we have 

nrr — ic s\n ^ {vba — zab) 

^^ "" sill (90« + I {ZAB— VBA _ C) ) 
A'siD i ( VBA — ZAB) 
"~ cob ^ l^VBA — ZAB + cy 
144. This formula is exact But in many cases |C -may be 

neglected ; then, since — =: tang, the expression becomes 

BB' = JS: tang ^ ( VBA — ZAB). 
When VBA exceeds ZAB, BB is positive, otherwise Btt is 
negative, ZAB being the observed zenith distance at the place 
whose elevation A a above an assumed level, as tiiat of the seat 
is known, and VBA being the observed zenith distance at the 
place whose elevation is sought. 



145. When only one of the zenith distances can be taken» 
since VBJ^ = BAC -f C = 180° — ZAB + C, if we substitute 
this value for VBA in the formula 

£12' = Jrtang |(FBJ — Z^il), 
"we shall hare 

BB' = J: tang | (1 80'' — ZAB + C^ ZAB), 
= JPtang (90° —ZJiB + iC) 
= JPcot (^ZJiB — iC); 
and Bff is positive or negative according as ZAB is less or 
greater than QO''. 

146. The above formulas suppose the distance K to be given. 
The difference of level may, however, be determined without 
knowing this line. Indeed the formula 

BB' = ir tang | (^VBA — ZAB) 
may be made to involve only the zenith distances and radius 
of the earth. For, since half the chord of any arc is equal 
to the product of radius by the sine of half this arc (Trig. 50), 
we shall have 

J?jy = 2 12 sin I C tang | (FUJI — ZAB) 

= — 2 12 cos I (ZAB + VBA) tang | (VBA — ZAB)\. 
The sign of BB'f depends upon that of the factors of the second 
member of the equation. 

147. When there is a series of signals, by proceeding in the 
manner above explained, we determine only their relative heights. 
But it is easy to find the absolute heightSf or elevations above the 
same horizon, as that of the sea for example. Let us suppose 
that the point9 B, V, Bl\ • . . . ^, the summits of the signals, 
are unequally elevated above a common horizon, and that K 
represents the elevation of the point B above B, A" that of B" 
above B^ d"' the depression of the point B"* below B\ and so 
on. By taking B. equal to the sum of the elevations K + V* + 
&c., and B equal to the sum of the depi*esslons, we shall have 

IT— B zs difference of level ; 
and B^ will be above or below JB, according as J7 is greater or 
less than B. 



t From the expression 90^ = J (ZAB + VBA) — \C (143) we 
have i C « I (ZAB + VBA") — 90^ 
and SID i C » — cos \ {ZAB + VBA). 
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If JV* denote the height of the point B abore the level of the Ma^ 
JV* + If — D will be the height of any other point B^ above this 
same level ; and it is obvious that we have only to subtract the 
length of the signal from the absolute height of its summitf in order 
to obtain the absolute height of the ground on ^hich it is jdaoed* 

148. In the above formula it fs supposed that the points Ji, Bf 
are the summits of the signals employed ; but the instrument 
used for taking the angles can seldom be placed precisely at 
JTig. 82. these points. In observing B (Jig. 8S) for instance, the instru- 
ment for the most part is at some point a below Ji. At the other 
station also, the place of observation, instead of being at Bf is 
usually at some lower point b. The zenith distances actually 
observed therefore will be ZaB, VbJI, instead of ZJIB, VBA. 

In this case, since 

ZaB + aBA = ZAB (Qem. 78), 
if we add a BJl to the senith distance as observed at a, we shall 
have the zenith distance such as it would be found in be if the 
instrument were placed at A. Now AB and the distance A a being 
supposed to be known, we obtain the above correction by the 
following proportion, 

AB : Bin AaB : : A a : sin a jB«tf, 

which gives 

AatAn AaB 



sin a BA = 



AB 

B" A a sin AaB 



"" AB 

in seconds, R' being the radius in secondsf , 

149. In what we have said upon the subject of levelling, we 
have supposed that light, in coming from an object to the eye, 

t The expression for'the angle is reduced to seconds by dividing 
it by 1^> or (on account of the smallness of the difference) by the 
sine of V ; or^ which amounts to the same thing, by multiplying 
it by the number of seconds contained in an arc equal in length 
to radius. But, since the ratio of the diameter to the circumfer- 
ence is as 1 to 3,14159 &;c., when the radius is 1 or the diameter 2, 
the circumference is 2 X 3,14159 &c«, and the semi-circumference 
or 180^ is 3)14159 &c. ; consequently 

3,14159 &c. : 1 ; : 180° : B? 
whence 

180® 

^ = o,^,.nx, = 5r 17' 44,8", R = 3437,75', JR* » 206264,8". 
^ 3,14159 &c. ' 

^e logarithm of E", which we have frequent occasion for> is 5)dl443« 



t 



proceeds in a straight line. Bat it b to be okseiTed Hiat whea 
a ray traTcrses abUqiiely the di Amt strata of tiM atoMspheret 
it is alightlj carved In a vertical plaiieyf and it is in the direc- 
tion of a tangent lo this carve that tiie object is actoall j seen. 
Tbnsy if BDA (Jig. 83) represent iho path described bj a ray fS^^sil 
of K^ in passing from II to ^^ tiie object B will be seen at Jff 
In the direction of a tangent at the point JL 

Let C (j%. 84) be the centre of the earth, and J, Bf two sig-ri^. S4. 
iialsy JSf the apparent place of J as seen from B^ and iT the 
apparent place of £ as seeiffroni JL ZJiBf VBJf^ will be tho 
apparent zenith distances, ZJiB, VBJ, the trae zenith distances* 
and tlie difference betweMi the fimner and the latter re^ectively 
will be the retraction soaghL 
Since ZABz^C + ABC 

and VBA = C + BAC 

we shall have 

ZJIB+ rBJlzs2C + JBC + BtC =190'' + C; 
if we subtract fron this quantity the apparent zenith distances^ 
wo shall have the sum of the two refractions, namdy, 

r 4.?^= 180 + c— z;flir~ FBjr 

= C—^ZJV + F2W — 180°) 
or, by considering r = i^, 

r = ^ (C — {£Jff + VBA' — 1 80°) ) j 
that is, we mbtraet the sum of the depresnons cf the two mgnals 
Mow the horizon from their distance ammder^ considered as an arc 
^ a great drde ef the earthy and take half the d^erence fir the 
terrestrial refraction. 

150. At 18,6 yards below the top of the signal 4* the zenifli 
distance of the upper extremity of the signal B was found by 
observation to be 90^ IS' ; and at 16,5 yards below the upper 
extremity of J3 the zenith distance of the point A was 89^ 5&, 
the rectilineal distance between the two signals being 31172,8 
yards. It is pissposed to determine the amount of the refraction. 

We first reduce the zenith distances to the tops of the sigmds 
by the formula 

r>^ Bf'AafonAaB ,^^„. 
sm a BA= ^ (148). 



t There are sometimes lateral deviatioDii, but these are considered 
as exceptions to the general law. 



1 04 Application of TS^onomkr^. 

ThuSf to find the reduction in seconds^ 

AB • . 8117S,8 . • 4,49378 AB 4,49373 



5.5062S 5,50622 

Aa . . . 18,6 . . 1,26951 Bh . . 16,5 • . . 1,£1749 

sin A a B.. 90'' IS' 10,00000 smAhB.. 89"" 56' . . 10,00000 

R* . • . r . 5,31443 R' 5,31443 



123"=£'03" . • 2,09016 109" = 1' 49". . . 2,03813 

fig. 84. AaB (Jig. 84) = ^(fi 13' 00" AbB =89° 56' Otf' 

fi' 03" 1' 49" 



ZAB' = go** 15' OS'' \VBA' = 89° 57' 49^' 

151. Now in order to apply the formula for the terrestrial re- 
(hiction, since one minute of a dej^ree is equal 6076 feet or 
2025,3 yards, 31172,8 yards = 15' 23^' = the angle C; whence, 
by the formula 

r = i (C-^{ZAB + VBA' — 180°)), 
we have 

r = I (15' 23" — (90° 15' 03" + 89° 57' 49" — 180^))f 
= I (15' 23" — 12' 52") 
= |( 2' 31")= 1'15,5^ 
If we divide both members of th^equafion by C« we shall 
have 

r 1' 15 5*^ 75 5" 

C = IFW'= 9lF =0,08 or ^V n«»rif, 

whence 

r = ^V C nearly ; 
and for other distances r is found to bear about the same pro- 
portion to the angle subtended at the centre, that is, the terrestrial 
refraction is ordinarUy about one twelfth of the distance between ^ 
the observer and the object^ considered as an arc of a great circle of 
the earth. Suppose, for instance, that the top of a ship's mast 
is seen twelve nautical miles off at sea, this distance, considered 
as an arc of the circumference of the earth, or as subtending an 
an^e at the centre, amounts to 12', one twelfth part of whichf 
or 1', is the angular elevation of the object produced by refrac- 
tion. 
Fi^. 83. Thus ADB ( fig. 83) being supposed equal to 12 nautical miles, 
B will appear from tlie point A at R, I' minute above its true 
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placef and BR may be considered as the natural sine of an arc 
of one minutet belonging to a circle whose radius is 13 naatical 
miles. Now the sine of 1^ radius being unity^ is 0,000£9 {set 
taMe of natural rines)* Accordingly we have 

BB' = 0,00029 X 12 = 0,00348 of a mile 
=: 0f00d48 X 6076 = 21,14 &c. feet. 
It follows therefore that at the distance of 12 nautical miles 
an object is seen about 20 feet above its true place. 

152. It is to be observed, however, that the terrestrial refrac- 
tion is found to vary considerably in different countries, and at 
different seasons in the same country. It is estimated at f\p by 
Dr Maskelyne, and at ^^ by Legendre. In France, according 
to Delambre, it is about 0,075 in summer, 0^08 in spring and 
autumn, and from 0,09 to 0,1 in winter. 

153. The correction for refraction being appliedf to the appa- 
rent zenith distances as observed at A and B'(^fig. 81), the true Fig. 81. 
difference of level is found by one of the formulas above investi- ^ 
gated $ thus 

K^m\{VBA^ZJIB) 
^^ ^ con i {VBji ^ ZJB -f C) 

— Jg sin I (89^ 57^ 49^^ — 90** 1 5^ 03^0 

"" co» I (b9*» 57' 4i>" — 90® W Oo" -f- io' 25") 

_ 3117 ,8Bin|(~ 17^ 14^0 ^ 

— cos } (^— 17' 14" 4-15 23")* 
or by logarithms, 

I (— 17* 14".^ 15'23'0 = — i (^' 5 l").-55^..1og.COS.Ml 0,00000 

0,00000 
1 (— 17' 14") ... 8' 37". . . . log. sin . . 7,39906 

31172,8 ........ 4,49378 

BB" =' . . . . —78,134yds 1,89^84 

As VBA is less than ZAB, BB is negative, that is, the dis* 
tance of B from C is g^^aler than that of A from C. 



; » 



t it is not necessary to apply the correction for refraction to ob- 
tain the difference of level, when we employ the formula involving 
both the zenith distances, since, by adding the same quantity, l' 15'' 
for instance, to each of the zenith diat^ees VM^ ZBJ^ the differ- 
ence remains unaltered. 

Top. 14 
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154. We oWmh v^y nearly the Mme resalt by tbe fermala 
in which \C\a neglected (144). Thus 

BB' = ^ tang J {VBA — ZAB) 
=5 31472,8 tang 8^7"; 
and by logariflinuiy 

dll7d,8 4^9378 

tang . \ 8' sr' . . . . . . 7,39907 



«Mta 



BB =s • • — 78,135 U89S85 

BB is negative for the reason already mentioned (153). 

155. If only one of the zenith distances ZAB were IaeWtt» 
we should make use of the formula 

BB ^ K cot ZAB — ^ a 
Thus, in the present case^ 

B& = 31172,8 cot (W 15' 03' + 1' IS'' — 7' 42'0t> 
and^ by logarithms, 

3117M 4,49Sra 

90^1 5'03 '+ 1'15" or 90**16'18" ^ 7'42" s= 90<»08'36" log cot 7,39822 

J55'_ 77,98 ... . . 1,89200 

156. When K is unknown, both the zenith distances being 
given, we have recourse to the formula 

JBB' = _ 2 /J cos I {ZAB + VBA) tang | {VBA — ZAB), 
which in the above example becomes 

J?-B'=— 7912X1760 cos JC90<>16'18+89<^59'04'0 tang J(89®59'04"—90016'18") 

7912 3,89829 

1760 3,24551 

|(90°16'1 8"+ 89°59'04'0=:|(1 80** 15'22''=90°7'4l" log cos 7,34928 
|(89°59'04"— 90°16'IBO = i(17'l4") = 8' 37"...log tang...7,39906 

Bi5' — 78^8 ...... 1,89214 

Fig. 85. ^^^* '^^^ zenith distance ZAB (fig.SS) of the surface of the 
sea, as observed from the top of a mountain, being given, it is 
proposed to find the height of the mountain. y 

We might make use of the formula BB = ^cot (y(AB'^^ C) 

(145), since C=JaBB^ — 90°^(Geom.78),andi:^=^-j^j^. But 

a more convenient and exact formula may be obtained.' 
A being a right angle, we have the proportion 



v^ 



— »*^— i»— »«*™^— <— —  Il'll I »«»»^— »—■■»——■*— —<M«^—, 



^k> 



r 

t The correctioD for refraction + 1' 15'' is applied here> because 
only one zenith distance is used. 



whence 

COS (/ COS 6 \ COS C y 

Batf since 1 -^ cos Cs: sin C tang | Cff ve obtain 

= jR tang {VBA^ 90°) tang ^ (FBjJ — 90*), 
or, since FBjJ — 9CP is very smaH, 

Bjy =r /J tang (FB^ — go**) » tang (FJM — 90O) 
= I J? tang (FJBw* — 90*)». 
19%. In this formula FJBjI is supposed to be corrected for re- 
firaction. If VBJ^ be the apparent zenifli distance^ we shall 
have 

VBA = VBA' + 0,08 C (151) 

= VBA' + 0,08 {VBJr — 90°). 
This value being substituted for VBA^ the above formida be- 
comes 

JBJy = i fi tang {VBA — 90° + 0,08 (FBjJ'— 90*))« 
= i iJ tang ( (1 + 0,08) {VBA! — 90°) )» 
= ^ /Z (1 + 0,08)* tang(FBjr — 90*)* veiy nearly. 
1 59. Suppose for example that the angle VBnV^ as actually 
observed at the point jB, to be( 90"^ 19^ 08", we readily obtain the 
height of the mountain in feet ; thus 

BB' = I 3956 X 5280 (1 + 0,08)» tang (90* 19' 08" — 90°)» j 
and by logarithms 

13956=1978 log. • . 3,29623 

5280 • • • log. • . 3,72263 

1 + 0,08 = 1,08 2 log. • . 0,06685 

90O 19' 08'' — 90% = 19* 08" . . 2 log. tang 15,49102 

BF = 377,34 feet 2,57673 

Deducting tlie allowance for refraction we have 2,57673 — 
0,06685 = 2,50988, which gives the height BB' = 325,5 feet. 



t The formula ^ J]" ^^ ^ ■» ^^ H (^^ff* P- 25), by multiplying 

by JR -«. cos a and dividing by cot \ 0, and putting JZ ae 1, gives 

sin a .XI 
1 — * cos a ss — r-T — s= sm a tang I a. 
cot I a ® * 
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7ig. 86. 160. Heciprocall J, tbe height oi the station BB' (Jig. 86) 
being given, it is proposed to find the apparent zenith distance 
VB^9 or the apparent depression of the horizon HBJf, called 
the dip. 

The formula, 

BF = 4 B tang (VBA — 90^ * (isr), 
BB' being known, and VBJi the quantity sought, gives 

\bS 

. tangCFB^ — 9tfO = tenR^^-^ = J|-g- 

But thecorrecHon for refraction ABA' 

= 0,08 B A (151) = 0,08 C = 0,08 HBA ; 
accordin.e^ly we have 

HBA' = HBA — 0,08 HBA = 0,92 HBA 

^^nearly(Tri^.ir) 



i5 



0,92 ^ — 5 
sia 1\ \R V 
in seconds. 

92 

— ^ is constant, and its logarithm, JZ being estimated in 

810 I'Vi A ° 

feet, is 1,96379 — 8, 1 9500 = 1,76879. If the height fiF.as that 
of the deck of a ship for example, be 12 feet, we have v B? = 4 
log. 12 = 0,53909. This added to 1 ,768"9 gives 2,30788, whicji 
answers to 203" = 3' 23" the dip of the horizon, or quantity 
to be subtracted from observations of altitude at sea, when the 
observer's eye is 12 feet above the surface. To find the dip for 
any other elevation, as a, we have simply to add half the loga- 
rithms of a in feet to 0,76879, or, to use the proportion 

Vi2 : Vo ' * ^' ^3'' * dip required. 
161. Where the difference of level is great, as in problems 
respecting the heights of mountains above their bases or above the 
sea, the weight of the atmosphere, as determined by the barometer, 
is generally used in preference to any other method. Suppose 
Fig. 87. the whole height of the atmosphere AT (^Jig. 87) to be divided 
into^an indtfinitenumber of strata of tbe same thickness, and so 
small that the density of each stratum may be considered as 
uniform. If we represent the densities of the several sucessive 
i^trata beginning at the surface of the earth by a, b, c, &c., 
since the weight of each is as the density multiplied by the 



fhkknessy flie fliickiicss being considered equal to one, we ahill 
have the weights as the densitleSf that is, as a, 6, c, &c« Conae- 
quently the wei^t tncmnbent upon the Ist srratam will be as 
t +c -hd + &C.9 fliat apon theSdase-fd + e-f. &c.» and so 
on. But the density is as the incnmhent weightf » or compressing 
force ^ according we have 

a : h :i h + e + d+kc. : e+d + e + kc 
h I e II c + d + e-t^ &c* : d + e+f+kc. 
and so on ; whence 

a I b :z h I e zi e I df and so onff; 
that is, when the altitudes above the surface are taken in arith- 
metical progression* the corresponding densities, and conse- 
quently the incumbent weights of the atmosphere at these heighten 
form a geometrical series ; in other words, the heights are tho 
logarithms of the corresponding weights of the atmosphere, ac- 
cording to a particular base, which may h» determined by ex- 
periment (Mg. 254). Distinguishing these logarithms by a, if 
we denote any two heights by A, A% and the corresponding 
weights of the atmosphere, as determined by the barometer, by 
TV, w'f we shall have 

A' — A = AW— aW, 
or patting AssOfttt A' = aw — Aic/, 
that is, the diflTerence of level, or height of one of the places in 
question above tlie other, is expressed by the diflTerence of the 

t This is ascertained by experiment. If we take a portion of air 
and compress it by a certain weight, upon doubling the weight the 
air is reduced to half the space. ^The weight being quadrupled, the 
lur is reduced to one fourth of the space, and so on. 

tt If we suppose a : h 1 1 h i c x i c i d ii d i e ii 6 i f &c.| 
by omitting the first couplet and taking the sum of the antecedents 
and sum of the consequents {Oeom. IV), we shall have 

*: c::fr+c + £{-h&c« :c+rf + e + &c., 
and consequently 

a I b :: b+ e + d + &c» : c + d + e + Uc. 
By omitting the two first couplets we shall have 

c idorbic:*e+d + e + &c. z d + e +f + &c. 

ttt This amounts simply to supposing that the lower station coincides 
with the common level, the sea, or some assumed level, as the bass 
sf a hill, to which the other point is referred. 
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logarithmB of the mercurial colamosy these logarithms 
constracted upon a particular base adapted to this purpase, 
N0W9 since logarithms are /Chjinged from one system to another 
by a constant multiplier (JUg* 250)^ we shall have 

A' = a: (log. tr — log. to), 
log. denoting the common logarithm of the quantity before which 
it is placed. Hence, by taking an object whose elevation has 
been previously ascertained by other methods, we readily find^ 
once for all, the value of the multiplier or, thus 

f^ 

"*" log. w — log. u/* 

Let us suppose, for example, that at the bottom and fop of a 
tower, wliose height is 200 feet, the mercury stood in the ba- 
rometer as follows, namely, 

at the bottom . • . • 29^96 inches, 

at the top 29,74, 

the temperature of the air being 48°. We shall have 

200 I 200 . 200 ^^^^ 

^ — ' .i* - — — 6250(1 

log. 29,96 — log. JjJ9,74 "" 1 ,476o4 - 1,4; 334 "^ 0,0082^0 "" 

162* But this multiplier ifl( constant only when the mean tem- 
perature of the air at the two stations is the same ; and for a 
lower temperature the multiplier is less, and for a higher it is 
greater. Ji correctinnf howeroeu may he applied for any deviation 
from an asmmed temperature^ by increasing or diminishing (^ao 
cording as the temperature is higher or lower J the approximate 
height by Us 435th part for eacli degree of Fahrenheit's thermometer. 
We can moreover change the multiplier to a more convenient form 
by assuming surh a temperature as shall reduce this number to 
60000 instead of 62500. Now 62500 exceeds 60000 by its 
25th part ; and, since 1^ causes a change of one 435th part, tha 

proportion 

1 .10.. 1 .170 

gives IT*^ for the reduction to be made in tlie temperature of tha 
air at the time of the above observations, in order to change the 
constant multiplier from 62^00 to 60000, or to 1 0000, by calling 
the height fathoms instead of feet. Thus, the thermometer stand- 
ing at 48°, we may suppose it to stand at 48*» — 17° or SI** ; and 
then we take 10000 as the multiplier, and apply a correction ad- 
ditive for the 17° excess of temperature. 

The above observations, for example, being given, to find the 
height of the tower. 
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S9f96 • • • • • lof^* 
£9^74 kg. 



DiCfiriag; 



1,47654 
1,47854 

o,ooafio 

10000 
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Prodvct • • • 
Thus the bd|^t of tfe tower is S2 fiidioD», or S£ x 6= 192 
feet, OB the miipositioB lluit the tenpmtnre of Ae air is Sl^ ; 
but it being 48% this result is to he iorreaaed ^1^ port for each 
degree above SI*" ; that is, by ^^ or ^ rf the appraximate 
height By adding ^ of 192, or 8, to 192, we have 200 ieet 
for the height of the tower. 

This same nethod is ^qilirable to other cases* whatever be 
flie tenperatore of the air at tlie two stations ; that is, the d^er^ 
eaec ^ tht kgariikau ^ the two barometric cofaimat, the decimal 
ynnt being renuroed Jimr places to the rights is the approxknaU 
height or difference ef levd in fathoms, A correctiou being ap- 
plied for the difference of the mean temperature of the two 
stations from 31^ according to the rule just given, the tme 
height is obtained. 

163. Given the Iieight of the mercury in the barometer at the 
bottom of a mountain = 29937 in,, and at its summit s 26,59 in., 
to find the altitude of the mounlain, the mean temperature at the 
two stations being 26*^. 

29,37 . «... log. .... 1,46790 
26,59 log. 1,4£472 

diff. .... 0,04318 
Approximate height . . « = 431,8 (athoms. 
Correction ^f, of 431,8 . . ss — 4,9 

Tme height 426,9 = 2561,4 feet 

164. We have supposed in the above ei^amples that the tern* 
perature of the men urial columns at the two stations is the 
same. Where the difference is considerable, the result will evi- 
dently be affected by it. If the upper station, for instance, be 
the coldest, which most frequently happens, the mercurial column 
will be too short, and will consequently indicate too great a 
height The contraction being about one 10000th part for each 
degree of cold, or 0,0025in. in a column of 25in«, it would require 
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4^ difference of temperature to produce an effect amounting to 

one division on the scale of a common barometer, where the 

» 

graduation is to hundredths of an inch. 

This.correction is combined with the foregoing rule in the 
following formula, in which tt t'f represent the temperature of the 
air, 9f qff that of the mercury, at the two stations respectiTely, 
0,0023 being equivalent to -^^-f nearly. 

^ —31^ log 



*'= 10000 (1 +0,0023 ^- ^ 



tt?'X(» + 0,0001 (^ — ^') 

165. Beside the corrections above considered, regard is some- 
times had to the effect of tlie variation of gravity in diffei*ent 
latitudes, and at different elevations above the earth's surface. 
The latter however is too small to require any notice in to 
elementary work. The former may be found by multiplying 
the approximate height by 0,0028371 x cos 2 lat. It is additive, 
when the latitude is less than 45*^, and subtractive when greater. 
Or it may be taken from the following table. 



I^atitude. 
0*> 
5« 
lO*' 
15^ 
20« 
25*» 
SO** 
35^ 
40** 
45° 
50* 
55*^ 
60** 
65** 
70** 
75* 
80* 
85* 
90° 
166. 1. Given the pressure of 



Correction. 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 



^Iy of the app. height. 

trx 

tIt 
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he atmosphere at the bottom erf 
a mountain equal to 29,68in. of mercury, and that at its summit 
equal to 25,28in., the mean temperature being 50*, to lind the 
elevation. ^ns. 727,2 fathoms or 4363,2 feet 
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« 

S. The following obsenrations being taken at the foot and 
flominit of a mountain, namely, 

at the foot bar. 89,862 attacli. therm 78<> detach, thermf . T 1 ^ 
at the summit «< SG,13r « 6S« « 55° 

to "find the elevation. 

Jins. 618,9 fathoms, or 3713,4 feet. 

3. It is required to find the height of a mountain in latitude 
30% the observations with the barometer and thermometer being 
as follows ; namely, 

at the foot bar. 29,40...attach. therm. 50''...dctach. therm. 43^ 
at the summit « 25,19 <' 46° << 39^" 

JtfiG. 683,27 fathoms, or 4099,6£ feet. 

Trigonometrical Surveyings 

167. This term is applied to those operations, which have for 
their object the more accurate determination of the geographical 
position of places, and finally that of the magnitude and figure 
ftf the earth itself. Where a survey is made to comprehend an 
extensive country, it is evident that the lines, amounting to many 
miles in length, and extending over mountains and vallies, can- 
not actaally be measured with any considerable degree of accu- 
racy. It is usual, therefore, in such cases to connect the prin* 
cipal points to be determined, by a series of triangles, as repre- 
sented in figure 89, the angles of which, together with any one Fig. 89. 
aide^ being carefully measured, the whole become known, and 
the distance, and bearing of any two points are thence deduced 
by calculation. 

The principal tiiangles are made as large as possible, by con- 
necting the most prominent objects that are favourably situatedff 
for this purpose. The side to be measured, called the hose, is 
usually much shorter than those of the principal triangles, and 
is taken upon a heath or other level piece of ground, that ad- 



t The attached therntometer measures the temperature of the mer- 
cury in the barometer, and the detached thermometer that of the 
SQrrounding air. 

tt ft evident that the condition the most favourable to accurate 
Teittlts, other things being the same, is when the triangles are equi- 
lateral. 

T(^. 14 
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mits of its lengtht as referred to the level of tlie sea, being as- 
certained with the greatest precision. It is customary also to 
measure the side of some other triangle^ as d c, near the other 
extremity of the series, called the hose of verificationf and to 
compare the result of this measurement with the computed 
length of d c, for the purpose of being enabled to judge of the 
correctness of the whole processf. 

Two other operations purely astronomical are now requisite to 
complete the work. The first is to find the angle comprehend- 
ed between the meridian and the side of one of the gifen trtan- 
glesy 2ia^\b'; and the second to determine the latitude of each 
of tlie extreme points A9 Bf we shall then have the means of 
computing the perpendicular distance bV, pp\ &C.9 of each 
station from the meridian^ and the distance of each perpendicu- 
lar Ji b'9 Jijf, &C.9 from 4. Knowing therefore the absolute dis- 
tance Jl Xf and the difference of latitude of these two points, we 
readily find the length of a degree^ and thence the length of 
560S or the whole circumference of the earthy considered as 
a sphere. By performing similar operations in different lati- 
tndes, we obtain the length of degrees in those latitudes^ and 
thence the true figure of the earth, on the supposition that it is 
a spheroid of revolution, or such as would be formed by the re- 
volution of an ellipse about one of its axes. 

168. The solution of this important problem belongs proper- 
ly to astronomy ; but it may not be amiss to make the learner 
acquainted in this place with some of those theorems, that have 
been investigated for the purpose of facilitating the observations 
and calculations above referred to. 

169. It will be readily seen, that, where a triangle is formed 
by means of signals placed upon the spires of churches and the 
highest points of other objects, it will often be impossible to place 
the instrument at the vertex of the angle to be measured. Sup- 
Fig. 88. pose, for instance, that the angle C (Jig. 8S^), in the triangle JiBC, 

is required, and that the nearest position i|i which the instrument 
can be p1ace<l is at P. The angle APB =ip, and BPC = F, be- 

t In the great French survey, conducted ny Mechain and Delam- 
bre, the base of verification to a series of tij-iangles extending from 
Melun to Ferpignan, a distance of about |400 miles, differed less 
f ban 1^ inches from its computed length. Iriistances of such extreme 
accuracy occur also in the English survey, l 

I 

\ 

I 
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iDg observed, and the side CP together with M and BC, being 
known, the angle C may be found. Thus, 

MB=:P + MP=2C + PBC; 

wbence 

C=P+Z«P — PJIC. 
But, by the rules of trigonometry* 

AC I PC II sin CPA : sin dtfP, 

whence 

_, __ , ■-.«•■ PC^XliCPA PC , /n . «fx 

sin CWP or sin UP « ^ = -j^ sm (F + P')- 

Also 

J7C : PC : : sin BPC : sin PJ7C; 

wbence 

PC PC 

sin PJ7(7= ^sin BPC^-^ sin F. 

Now, since the angles ZAP, PJfC, (or the arcs measaring them) 
are always very small, their sines may be taken as equivalent 
to the arcs themselves {Trig. 17). Accordingly, by this substi- 
tution, we shall have 

'^^ ^+ 3c «"C'+^- BC "*" y=f+J^^( ^^c 15c ) 



_ ^PC^/8in_(P+P0 sinF \ 

""^■*'»inr'V -^C '^ BC ) 



in seconds. 

The use of this formula cannot in atiy case be embarrassing, 
provided the signs of sin (P + F) and sin F be attended to. 
Thus the second term of the correction will be positive, if the 
angle (P + F) fall between and 1S0°, and it will be negative 
if it exceed 180** (Trig. 23), The Ciintrary will take place with 
respect to the angle P\ according as it is less or greater than 
180^ 

170. When .tfC or BC becomes infinite with respect to PC, 
the corresponding term vanishes {Alg. 68), and we have, in the 

first case, 

PC sin P* 

^ "" sin I" BC' 

and in the second 

P_P , PCsinCP + PQ 

^-^+ sin 1" 51; — 

The first of these formulas is applicable when 4 is a heavenly 

body, and the second when B is one. When AC. BC, at*e each 
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ittfinito with resfiect to PC9 both the terms vanish* and we hare 

C-P. 
irt. But without j9 and B beii^g at an inftntte distance^ C 
may be equal to P in innumerable instances ; that is» whenciver 
the centre is placed in the circumference of a circle passing 
through three points Jf B^ C; or when the angle BPC is equal 
to the angle BA€, or to BAG + 1 80^. Whence, though C should 
, be inaccessible, the angle JiCB may in many cases be obtained 
without any calculation. 

It niay be further observed, that when P falls in the circum 
ference of a circle passing through the three points ^, B, C, the 
angles Jl^ B9 C, may be determined solely by measuring the an- 
gles JIPB, BPC. For the opposite angles ABC^ dPC, of a quad- 
rilateral inscribed in a circle, being equal to 180^ (OfORU ISO), 
we shall have 

JlBC z=: no"" — JtPC, 
also 

BM =:: ISO"" — (JtBC + JCB) 
= 180*^ — (^UC + •fPU), 

17£. If one of the objects viewed from a further station be a 
vane or staff in the centre of a steeple^ )t will sometimes be found 
that such object, when the observer comes near it, is invisible as 
well as inaccessible. Still there are various methods of finding 
Fig. 90. the exact angle at C(Jig. 90). Suppose, for example, the signal-* 
staff to be in the centre of a circular tower, and that the angle 
^PB was taken at P near its base. In the direction of the tangents 
PT, PT, let two equal distances Pm^P m', be taken at pleasure. 
Bisect m m' at the point n, and the angle n PB will be equal to the 
angle CPB. Also tiie distance PS added to the radius C8 of the 
tower, will give PC the distance of the centre of the position P 
from the centre of the station C. 

If the circumference of the tower cannot be measured for the 
purpose of determining the radius ; by measuring the angles 
BPT9 BPT, we shall have 

BPC z=: i {BPT + BPT) 
and CPT =z BPT— BPT; 

then the measure of PT will give 

PC =: PT sec CPT. 

17 S. If the base of the tower be a regular polygon, which not 
\ 91. unfrequentiy happens^ take for the position P (Jig. 91} the point o< 
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intersection of two of the sides produced, and we shall have, as be- 
fore, BPC=:l {BPT+ BPT')f and PT equal to the distance from 
P to the middle of one of the sides ; and hence PC is found as 
above. If the figure be a regular hexagon, P m (7 m' is a rhombus, 
in which mm' is equal to m C (9eam. 271) ; accordingly we 
have 

1 : s/T a mm' : PC {Oeom. 272), 
and hence 

PC = m m' vsT 
174. If the instrument used for taking the angles be adapted 
only to measure angles in the plane passing through the three 
stations, it becomes necessary to reduce these angles to the 
horizon* Let BCJ (Jig. 92) be an angle measured in an inclin- p. ^ 
ed plane, and IfCja^ the corresponding horizontal angle, formed 
by the projection of CJi^ CB. The zenith distances %af%bf of 
the stations J, B, as observed from C, together with the arc a 6, 
the measure of C, or of JtCB, constitute a spherical triangle, in 
which the angle at % is equal to JfCB or C, the angle required 
{Oeom. 471)* Hence, by the coinmon theorem for the case where 
three sides of a spherical triangle are given to find an angle 
(Trig* 62), we have 

sin 1 «= sin 4 £r= f — * — • -. ^. — ¥ — ,  



=>f 



ain ^ (C^. zb — g a) sin ^ (C-f x a — zb 
sin zaamzb 



175. It may sometimes be more convenient to take the inclina- 
tions Jiejy.9 JBCB'f of Ji and H, that is, the complements of the 
zenith distances. If we call these c, cf^ respectively, by intro* 
dttcing them into the first of the above formulas, we shall have 



rs^T^^(C4■90°-f+9(^^-^c'-9(90<^c)siT.KC+W-H>^00<>■^*^(90°'^</) 

sm Y C = ^ cobTcos? * 



_ bin i{C + c — c') sini{C + e'—c) 
"" ^ cos c cos c' 

176, If c be equal to &, the above formula becomes 

siniC'= M^t-8ipfC _ sinhC 
\ cos c cos c 



cose 

177. If the angles c, e'p be very small and nearly equal, since 
the cosines of small angles vary very slowly, we may often use 
the following formula without sensible error, namely. 
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178. The observed angles being reduced to the centre of the 
station, and to the horizon, it is proposed next to find the angle 
contained by the chords of any two sides of a known ^hericat 
triangle. 

Fig. 93? The angle A, for example, of the spherical triangle ABC {fig. 

93)9 and tlie two sides hf c, being given, it is required lo find 

the angle A', contained by 6*, &, the chords of 6, c, respectively. 

From a known theorem of spherical tigonometry {Trig. 53), 

we have 

cos a = cos b cos c -f* sin b sin c cos •/?• 
But 

cos c = (cos I c)« — (sin I c)* {Trig. 11), 

=5 1 _ (sin I c)> — (sin ^ c)« {Trig. 10), 
= 1 — 2 (sin I c)*. 
In like manaer 

cos a = 1 — - 2 (sin | n)*, 
and cos 6 =5 1 — 2 (sin | A)*. 

Substituting these values in the above equation, we have 
. 1 — 2 (sin i a) » =(1—2 (sin } .6)* ( 1 — 2 (sin Jc)' +8iu 6 sin c cos J^ 
or, since 
sin 6 =r 2 sin 1 6 cas I &, and sin c = 2 sin ^ c cos | c {Trig. 11), 

Now 

sin J a = I a', sin | 6 = 1 1', and sin | c « ^ (/ (Trij:. U), 
consequently, 

1 — 1 a'»= (1 — ^6") (1 — lc'«)+4 1 6'cos i 6| cTcbs I c cos jf 
= 1 _ 1 6'a _ 1 c'* + J y« c'^+.fc'c'cos 1 6 cos J c cos.*, 
and by transposition, 

^* "^ ^'* *" °'* = 1 6'» c'* + ft' c' cos ^ 6 cos J c cos 4. 

But 

cos ^•= l-±i— ^, or cos A'tfcf= ^\ (Trig. 38). 

whence, by substitution and division, we have 

coHA'=i^b'id+ cos 1 5 cos I c cos A, 
or, by restoring the values of |^ 6' J c', 

^cos jf = sin ^ b sin ^ c + cos 1 6 cos | c cos A. 

179. When the three sides a, 6, c, are very sni^ll, compared 
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with tile radius of the sphere, the triangle differs bat Kttle from 
a plane triangle ; and by considering it as such we can arrive 
at an approximate sdution ; but in this case we neglect the ex- 
cess of the sum of three angles over two riglit angle8(Ge(mi. 489). 
Id arder to obtain a solution more ^cact» it is necessary to take 
aoceunt of thiseiEcess, which may readily be done by means of 
a general principle, which we propeed to make known* 

Let r be the radius of the sphere on which the proposed tri- 
angle is situated. If we suppose a similar triangle, traced upon 
a sphere whose radius is 1, the sides of this triangle will be 

a b c 
V 7* V 
Then, Ji being the angle opposite a, we shall have 

a be 

cos -— cos — cos — 

cos A = ** ^ L (Trig. 53). 

t b . c 
sin — sin — 

r r 

But, r being very great with respect to a, 6, c, 

cos — = 1 — — —- + --,- ., and sin — = ^— r-.* ; 

r Hr* ^2.3.4r* r r ^.Sr^ ^ 

bee' 

and cos --, cos — , sin -, admit of similar expressions. Whence, 
T p r 

by substituting these values In the above equation, we obtain 

^1 ^* r ^^ ^ Yi ^* I ^^ ^A ^*^ '" ^ 

V 2r*' ^g.3.4rV V 8r»^2.S.4rV V gra^g.3.4rV 

r 2.3rV \r 2.%t^) 

or, by reducing and neglecting all terms exceeding four dimen- 
sions, on account of the smallness of the arcs compared with 
radius, 

fta + c* — fl * d* — 6* — . c* ^ 6« c2 



cos^ = 



cos .fl == r TZ 7—3 • 

be b^ c b c^ 
r» 6r* 6r* 

Multiplying both terms of this fraction by 1 -h , , and 

neglecting as before all terms of more than four dimensions, the 
equation becomes 



t For an investigation of these expressions for the sine and coaiBe 
of an arc, see note at the end of this part. 



co8^ JiJ-^-JHTT^ 7b71^+ ub^l^ 

26c "^ 246cr* . , . . ^V; 

If now we suppose Jf to. be die angle opposite to the side a, in 
the plane triangle whose side* are equid in length to the weca 
a» ^ Cy w* shaH teve .«•;•. 

cos :/r = *';»•//-:'' (ih^.sbv 

Also ..,,... 

or, changing all the signs and multiplying both members by ^ 

b e sin Jj'* _ g^ + M*f c*:—^??*<f^— 2a« c* ^^lf» e* 

These values being substituted in equation (1) give 

cos .^ = cos ./r -«• — . 

6r* 

Put w2 = ^' + ar, and we shall have " 

cos AszcoBd' — x sin jf «• 
But 

.  i 

cos ^ =s cos ^ — *g""-r; 

o r* 
whence 

a:sin^- = ^"'^'°'^', 
iT = . , 

(2 * c)« ... 

4 6» c» 

ttBv the general formula (Tr^. U) 

cos {A' + x) = cos ^' cos Of — sin A' sin or ; 
or, since a: is verjr soiall, b^ considering ces or » 1^ and sin at ^ a:^ 
we have 

cos A a: cos {^ + x) ^ co^ ^ ^ X siu .J' vcrj ncarlj. 



h c 
Since «r is of the second order with respect to — and — « it followt 

ttat the above result is exact to qaantities of the fourth order ^ 



\ 



consequently we have ^ 

^ 6r« 
Now \ht%\nA' is the area of a plane triangle {\^\ whose 
sides are a, fr, Cp and which does not sensibly differ from that 
of the spherical triangle under consideration. Accordingly if 
we call the area of either the one or the other % we shall 
have 

"* ^ "^ + r?' 

In like manner 

* 3r*' 

C's=C —; ' 

ivhenc* 

jT + B' + C or WO" ^ A + B + C—^i 

that is 

J + B + C— ISO^ss-^j-; 

^^ therefore may be considered as the excess of the sum of the 
r* 

three angles of the proposed spherical triangle over two right 
angles. This being established, we have the following remark- 
able theorem^ by which the resolution of very small spherical 
triangles is reduced to that of plane triangles. 

Ji splterical triangle being propasedf the sides qf rvhidi are very 
small compared with the radius qf the sphere f tfjram each qf its 
angles we subtract a third qf the excess qf the sum qf the three an" 
gles oroer two right angleSf the angles so diminished may be taJfen 
for the angles qf a plane triangle, the sides of which are eqwd in 
length to those of the spherical triangle. 

In other words— 1 

A spherical triangle, slightly curved, whose angles arc A, "B, C, 

Top. 16 
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and whose opposite sides are a, b, c, answers always to a pkaie 
triangkf whose sides are of the same length a, by c^ and %uhoseop- 
jwsite angles are A — 4« B — |«, C — |f, being the ^cess of 
the sum of the angles of the sfherteal triangle over two right an^ 
glesj. 

180* The excess < or —^» which is proportional to the area 

r* 

of the triangle, may always be calculated a priori, by means 
of what is known in the spherical triangle considered as a plane 
triangle. If two sides b, c, are given^ together with the contain- 
ed angle A, we have for the area 

«=:|ftcsin^ (1£4). 
If the parts given are a side a and the two adjacent angles B, Cp 

we shall have for the area 

^\ ji sin J? Bin C,, 

•"■^^ smpT+C) 
Moreover we have 

r* 
R' being the number of seconds contained in radius ; and thus t 

will be expressed in seconds, and — is a constant quantity. 

If the given side or sides be estimated in feet, r is also to be 
taken in feet, and we shall have in this case 
log. J?" — log. r* = log. 806264,8'' — 2 log. 3956 X 5280 

= 5,31443 —14,63978 

= 10,67465 
We have therefore only to add 10,67465 to the logarithm of the 
area of the triangle, expressed in feet, or to subtract its arith- 
metical complement 9,32535ttt» »« ^^^^' ^^ obtain the spherical 
excess in seconds. 



t This curious theorem was first announced by Legendre in the 
Memoirs of th^ French Academy for 1787. 

tt Sin A as sin (B + C)' : a : : sin B : i> = • /» i /A * 

/I . / »* ^v . ^ f^ sin C 

bin •« = sm (i? + C) : a : ; sni C i e » . ,„ , ^^ » 
^ ' ' sm (B + C) 

• * . . /. , ^ sin B sin C 

Hence the area «s 1 6 c sin ;« » 4 a' -: — rn-rrr;* 

* ' sm {B + C) 

ttt The constant subtractive logarithm used by General Roy^ in 
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Suppose, for example, that we had given two sides of a trian* 
Sle, a, b, and the incloded angle C namely a = 248230 feet, 
b = 212628 feet, and C= lOS"" 19* 10^, we should have for the 
area 

« = I a 6 sm C, or , 

and, by logarithms, 

2 log. . . • . 0,30107 



a . . 248230 . 
b • . 212628 . 
C . . . 103° 19' 10" 



I log. . 
, log. . 
• log. sin 



Logarithm of the area . • • 
Constant logarithm subtractive 



9,6989r 
5,39485 
5,32762 
9,98816 

0,40960 
9,32535 

1,08425 



Spherical excess = 12,14" . • 

Thus the spherical excess in this example amounts to a little 
more than 12"f ; and the sum of the thi-ee angles ought to 
exceed 180^ by this quantity. We are thus enabled to judge of 
the accuracy of the observations, and in some degree to apply 
a correction for slight inevitable errors. It is customary to in- 
crease or diminish -each of the observed angles by a third of the 
error, in order to render their sum equal to two right angles 
^us the spherical excess. 

The angles of the several triangles being thus corrected we 
may proceed to calculate the sidesf f directly by the rules of sphe- 
rical trigonometry, or by reducing the angles to those contained 



the English survey, was 9»326773r, derived from the suppcsition that 
r as 3962 X 5280 feet nearly, or 6 miles greater than the above. 

t The sides in the example above given are very large, being be- 
tween4o and 50 miles. There are few cases in geodesic operations 
in which the spherieai excess exceeds 5". 

-ft One or more of the sides are first calculated for the purpose of 
finding the spherical excess, and by this mean«, uf correcting the ob- 
served angles. In the method however of reducing the spherical tri- 
angles to those contained by the chords, there Is this criterion of the 
accuracj of the observations, that the sum of the three reduced an- 
gles should always be equal to 180^. 



1S4 JQiptieaJiati of trigmiometrji. 

* 

by the chords (178), or by deducting one third of the spheri- 
cal excess from each of the angles, and considering the re* 
taaining angles, together with the actual spherical sides, as con« 
stitutiug a plane triangle. The first of these methods was prac- 
tised by BoscoTich, the second by Colonel Modge and Delambre, 
and the last by General Roy. Indeed, Delambre informs us, 
that he computed, by each of the three methods, the whole seriei 
of triangles extending from the British channel to the Mediter- 
ranean. 

Fi|r.8a 181. i. GiYmAC(Jig. 88) = 4510 yards, iSC = 4730 yards, 
APB = Sd° 58' 37,43", jBPCsSSS'' 55', to find the angle ACB, 
or the reduction to the centre of the station. 

Ans. ACB = see^" 52' 54,S5^ 

Fig. 9S. S. Giren the inclined angle ACB (Jig. 9£) and the apparent 
zenith distances Z a = gi"" 25' 5t'', Z ft =r gi"" 32^ 45% to find the 
corresponding horizontal angle A'CR. 

Ms. AVff = er 10^40,18". 
. 91. 3. Given (he arcs ft, e [Jig. 91) equal respectively to 15' 19^, 
7* 26'% and the angle A equal to 66'' 30' 36,88'', to find the angle 
A! contained by (he chords of a, 5. 

AnB. At = 66^ SC 36,68'' 

4. Given two sides of a triangle equal to 70^290,2, and 
18349,6 feet respectively, and the contained angle equal to 55^ 
43' 07^', to find the spherical excess. 

Am. 5,022' 

5. Given the three observed angles of a triangle, namely, 
A = 53** 58' 35,75", B = 57° 36' 39,5", C= 68° 24' 44', and (he 
side c opposite to C s 79211,22 feetf to find the sum of the errors 
of observation. 

^fis. —1,83". 

6. Suppose that two sides a, ft, and the included angle C, of a 
spherical triangle have been determined as follows, namely, 

a =r 79211,22, ft = 71934,2, and C = 53° 58' 35,75% 
it is proposed to find, by the theorem of Legendre, the angles, 
and the remaining side, of the corresponding plane triangle. 

angles ^ the spherical triansle. angles of the plane triangle. sides. 

680 24' 45", . .. df = 68° 24' 44,64", . . o = 79211,22 
JkM. < B 57° 36' 40,33", ..V ^l^I"" 36' 39,98", . . ft = 71934,2 

58' 35,75", . . C c= 53® 58' 35,39", . . e = 68a9C,9 




NOTES. 
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Ikteription and uaeof Ihe Plane SeaUt Sedor, S^e. 

Ths plane 9enie is an ingtniment of wood or metal TaTTiiig iB 

length from six incb^ to two feet Itnaaally contains lines of the 
following d^iominations, namely, 

1* • • . Eqnal Pkrts, maiked 

2* • • • Chords, • 

d. . , • Bhumbs, . 

4. . • f Sines, 

5. • • , TaDgents, 

6. , • . Secants, • 

7. • • . Semi-Tangents, 

8. • . • Longitude, 

9. . • . Latitude, 
10. . . • Hours, 
11- • • . Inclination of 

1 . Lines of equal parts are of two kinds. The first, represented 
bj figure 94, consists simply of a certain number of equal portions of 
any convenient length, the extreme one on the left being decimally, 
or duodecimally subdivided, and the rest being numbered 1, 2, S, &c. 
There are usually several of these lines adapted to different purposes 
and distinguished by the numbers 20, 25, &C.9 showing into how 
many parts an inch is divided* 

These lines are used in laying down any distance, as feet, chains, 
miles, &c«, expressed by a number consisting of two denominations, or 
two figures* The several divisions may be considered as feet, for ex- 
ample ; then the decimal subdivisions would be tenths of a foot, and the 
duodecimal subdivisions, inches* So also each of the principal divisions 



Meridians, 



E.P*t 

Cho. 

Bh. 

Sin* 

Tan* 

Sec* 

S.T. 

Long* 

Lat 

Ho. 

In. Mer. 



fTheie letters are often omitted, and the names of the other lineB still 
further abbreviated, as Ch* or C. for Chords, Si. or S. for Sinesi, Ta. or T. for 
Tanjpent^ &q. 
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may be regarded as ten feet, ten milesi &c., and in this case the de- 
cimal subdivisions will represent feet, miles, &c., respectiyelj. 

Tlie second construction for lines of equal parts is represented bj 
fig;ure 95. It consists, when intended for a decimal scale^ of eleven 
lines, drawn parallel to each other, and at equal distances, the ex- 
treme ones being divided in the manner above explained, and the 
Subdividing points being connected by diagonal lines, that is, bj lines 
proceeding from the first point on the one side, to the second on the 
opposite, ^nd so on, as exhibited in the figure. Then, bj similar tri- 
angles, aa ab :ac iiboicdf that is,cdis one tenth of the subdivi- 
sions, or one hundredth of the primary divisions of the scale. In 
like manner ef may be shown to be two hundredths, and:^ h three 
hundredths of a 1. While, therefore, the first scale is limited to two 
figures, this is adapted to three. If the number proposed were £53> 
for example, we should take 250 as on the former scale, by extending 
the compasses from 2 of the principal divisions, considered as contain- 
ing each ten parts;' tn^five of the subdivisions, then by opening the 
compasses to the corresponding extent on the third of the paralld 
lines, we shall obtain the length required. 

There are generally two diagonal scales laid down on the same face 
fif the instrument, the unit of the one being double that of the other, 
and commencing on opposite ends of the scale. 

In order to construct the remaining lines of the plane scale, de- 
Fig. 96. scribe the circle AEBD {Jig. 96) with any convenient radius AC, 
and draw the diameters JtB, DE^ at right angles to each other. 
Continue BA at pleasure toward F, and through D draw D& parallel 
to BF. About the circle circumscribe tlie square JSMJy*, having its 
sides HMs MJf, parallel respectively to the diameters dB, DE, and 
draw the chords BB, BE, AD, AE. 

2. For the line of chords, divide the arc DA into equal parts, mark- 
ing the tenth divisions with the figures 10, 20, 30, &c. With one foot 
of the compasses in D transfer the several distances D 10, D 20, &c., 
to the c|iord DA, which, marked with the corresponding figures of the 
arc, will become a line of chords. There are usually several of these 
lines, constructed with diiferent radii, upon different parts of the 
scale. 

3. For the line of rhumbs, divide the arc BE into eight equal 
parts, marking them' with the figures 1, 2, 3, &c., and subdivide each 
of these parts into four quarters ; then^ with one foot of the compass- 
es on B, transfer the several distances Bl,B2, &g., to the chord BE, 
which, marked with the corresponding figures of the arc, will be a 
line of rhumbs. 
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4. Forllie line of sines, Arough each of the divisions of the are 
Hid draw lines parallel to the radius «tfC> and CD will be divided into 
a line of sines, which are to be numbered from C to D for the right 
sines, and from Bio C for the versed sines. These may be continued 
to 180^ by applying the divisions of the radius CD from C to J?. 

5. For the line of tangents, lay a ruler on C and the several divi-' 
aions d the arc DJi, and the intersections with the line DO, being 
numbered with the corresponding figures of the arc, will become a 
line of. tangents. 

6. For the line of secants, with one foot of tiie compasses^pn C trans- 
fer the distances from the centre C to the divisions on the line of tan- 
gents, namely, ClO, C 20, &C., to the line JiF, and these will give 
the divisions of the line of secants, which is to be numbered with 
the corresponding figures of the line of tangents. 

7. For the line of semi-tangents, lay a ruler on E and the several 
divisions of the arc JiD, and the points of intersection with the ra- 
dius CJiy being numbered with the corresponding figures of the arc 
«A0, will be a line of semi- tangents. This line is generally continu- 
ed as far as the length of the scale will admit The divisions beyond 
90° are found by dividing the arc JiE like the arc JStD, and placing a 
ruler on E and these divisions of dE, and the line of semi-tangents 
above 90° will be obtained on CA continued. 

8. For the line of longitude, divide JiHinto sixty equal parts, and 
through each of these points draw lines parallel to the radius «tf C, and 
meeting the arc JiE. With one foot of the compasses in E transfer 
these divisions to the chord dE, and this line will become a line of 
longitude* If this line be put on a scale close to the line of chords, 
but inverted so that 60° on the line of longitude shall be against 0° on 
the line of chords, &c., and any degree of latitude be counted on the 
line of chords, we shall have opposite to it on the line of longitude* 
the miles contained in one degree of longitude in that latitude, the 
measure of one degree at the equator being sixty geographical miles. 

9. For the line of latitude, place a ruler on Jl and the several di- 
visions of CjD, and note the intersections made on the arc BD* With 
one foot of the compasses in B, transfer these divisions to the chord 
BD, numbering them with the corresponding divisions of CD, and 
this will be a line of latitude. 

10. For the line hours, bisect the quadrantal arcs BD, BE, in 
ft, h. Divide the quadrant. a 6 into six equal parts, making 15° to an 
hour, and subdivide each of these into four parts for quarters of an 
hour. A ruler on C and the several divisions of the arc a b will in- 
tersect the line JlfJV* in the hour points, which are to ^e marked as in 
the figure. 
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It. For the line of inclination of meridianfl, bisect tlie arc EJi in 
a^ divide the quadrant b c into ninety equal parts ; place a ruler on 
C atid the severad division of the arc b c, and the intersections with 
Ihe line HM will be the divisions of a line of inclination of me* 
ridians. 

The line of chords is used in protracting and measuring angles. If 
Fjg. 9r.it were required, for instance, to draw the lines JiB» JiC {Jig, 97.), 
ttiaking theiangle JSt equal to 20°, having drawn one of these lines, as 
«dJ9, we should extend the compasses on the line of chords from to 
60^ and with this extent, describe from .d as a centre, an arc cutting 
tiie line J31B in m ; then ' since the chord of 60° is eqiud to radius 
{Oeom. 271), this arc will have the same radius as the circle to which 
the given scale of chords belongs ; accordin^y if we take in the com- 
passes on the same scale the extent from 0° to 20°, and apply it from 
m to n, and through the point n draw the line JiC, the arc m n will be 
equal in all respects to the arc D 20°, that is, it will contain 20°, and 
being the measure of the angle t^, this angle will be of the required 
Ihagnitude. 

In like manner, if the lines AB, JiC, were already drawn, and it 
Were proposed to measure the angle contuned by them, having de* 
scribed the arc m n with the chord of 60°, we take in the compasses 
the extent from m to n, and applying it from toward A on the same 
line of chords, and the number against which it falls shows the magni- 
tude of the angle •/!. 

The line of rhumbs is also a line of chords. It has reference to the 
^visions of the Mariner's Compass, in which a right angle, instead 
«f being divided into 90°, is considered as containing 8 points of 11* 
15' each, and each point is subdivided into four quarters. Problems 
in navigation are frequently solved by estimating the angles in pointir 
«nd quarter points instead of degrees and minutes, but the nature of 
the solution is evidently not affected by this change in the denomina- 
tion of angular magnitude. 

The lines of sines, tangents, secants, and semi-tangents, as also the 
line of chords, are used in orthographic and stereographic projection. 
Pig. 12. Thus, the primitive circle (jfi^. 12), being described with a radius 
equal to the sine of 90°, the radii C 10, C 20, &c., of the projected 
parallels are the sines respectively of the polar distances of these par- 
allels, that is, of 80°, 70°, &c. (7). In the polar stereographic projection 

Pig. W- ifiS' ^^) ^^^ ''*^" ^ 1^ ^ ^» ^^'* ^^ ^^® parallels of latitude, being 
ihe tangents of half the polar distances respectively (17), that is, the 
semi-tangents of the polar distances, the primitive being described 
with the semi-tangent of 90°, or radius, for the radii of the other 
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yarallela we have simply to take from the same scale, the semi-tan- 
gent of 80^ of 70"*, &c. So also in th^ equatorial projection (Jig* 
14), the line of secants gives the radii of the obliqne circles EPB, ''* 
EF'Ht &c. (15)» and on the line of tangents we have the distances 
of their centres respectively from the centre of the primitive (14). 
These same lines serve also to find the distances of the centres and 
the radii of the projected parallels 10 a 10, 20 a' 20, &c. (18). 

The line of longitude, placed by the side of a line of chords in- 
verted, shows the length of a degree of longitude in different lati- 
tudes. Let the two meridians PEP', PqP {fig. 18), be inclined to^"«- ^^ 
each other one degree, or, in other words, let the arcs Q£, £/, &c., 
be each one degree of their respective parallels. The lengths of these 
arcs are to each other as their racUi C£, XrJ, &c. If, therefore, 
CE be divided into GO equal parts, the perpendiculars from M, J, R» 
&ct.,upon CP, (being taken in the compasses, and applied to CE), will 
show the length of a degree in each of these latitudes, or, which 
amounts to the same thing, the divisions of CE, numbered from C to 
£, may be transferred, with the corresponding numbers, to the perpen- 
diculars above mentioned, by means of lines drawn through M, J, R» 
&c., parallel to CP, as in figure 96. The numbers against •¥, i, J{, 
&c., will then show the length of a degree in the latitude of M,I,B^ 
&c , respectively, and if these numbers be written on a scale of 
chords, (as that of EP^ against tKe chord of E^, EI, EB, &c., re- 
spectively, the latitude of a place being g^ven, we shall have, by 
inspection, the number of nautical miles contained in one degree of 
longitude at that distance from the equator. 

The lines of latitude, hours, and inclination of meridians, are em- 
ployed in the construction of dials. To give an example of the use of 
these lines, let c 8, d 8' {fig. 96) be the meridian, c c' being the thick- Fig. 96. 
ness of the stile, and YI c e' VI the six o'clock hour line. From the line 
of latitudes, take the extent from the beginning of the line to the divis- 
ion corresponding to the latitude of the place for which the dial is to be 
made, and set it off from c to m, and from c' to m'. From the points m, 
m\ draw the lines m n, m' n', each equal to the whole length JIf JV*of the 
line of hours, and terminating in the meridian line at n, n'. Transfer 
the divisions of the line of hours to the lines m n, m' n', numbering 
them, as in the figure. From the points c, c', draw the lines cl, c Il« 
&c., e' XI, c' X, &c., and these will be the lines of the dial. 

To show the truth of this construction, let the latitude for which 
the dial is made be equal to the number of degrees in the arc Jip. 
Then letting fall the perpendicular p 9, and drawing through the 

t M, B, &c., are supposed in this case to be in the meridian JEP. 
Tap. 17 
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point q the line Jlqr, and joining Br, we shall have the .trian^e 
«tfJ9r equal, in all respects, to m c n,namelj,JBtBoirMJ^wmmniBr w 
m, &C. Whence 

Radius : sin lat* : : ^C : Cq 

:: «dr : Br, 

mmsequently 

Radius : sin lot* : : ti c : c m. 

Let J7be the point in which one of the hour lines, as lY P^. M., for 
example, meets m n. On.the VI o'clock hour line take c B equal to 
en; join n B, and through ^draw KHL parallel to c H, meeting the 
meridian in A*, and the line n JZ in L ; and join c L. > Now because 
B ft and m n are similarly divided at L and H {Oeom. 196), and m H 
Hn» are respectively equal to MIY, IV JV, Bn, and MJ>t, are similarly 
divided at L and IV. But the triangles Ben and MCJ^Twre mani- 
festly similar; consequently the angle nclris equal to the angle 
JV*C IV, and therefore equal to the angle described by the sun 
between noon and iV o'clock P. M. 

Now LKQvnK : HK : : tangi^c L or tang neL i tang n c JST. 
But n K : HK ii ne i em 

1 1 rad : sin laJt. 
Accordingly 

Bad. : sin laU : : tang^^. ang. i tang ncH, 

whence 

tang n c JQTs sin lot. tang hor. ang. 

Therefore the angle which the line He or IV c makes with the 
meridian is of the required magnitude (39). In like manner the 
other hour lines may be shown to be drawn according to the formula 
above referred to. 

To construct a vertical south dial, we have only to take the com- 
plement of the latitude instead of the latitude, and it is evident, that 
by proceeding in the manner above pointed out, we should have for 
the result 

tang He n » cos lat tang hor* ang. 
which agrees with the formula for a vertical south dial (42). 

The line of inclination of meridians, it will be observed, is con- 
structed like tiie line of hours, except that the angles are expresse4 
m degrees instead of hours and quarters. It indicates the angles 
nmde by the intersections of the planes of the meridians with the 
plane of the dial, and may be used like the line of hours, as will be 
sufficiently evident from what has been said above. 

When a dial has been constructed by means of the lines on a plane 
scale, the stile is to be made, and the dial is to be placed, according to 
the directions already given (40 &c.). 
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Lin. or L. 


Cho. 


C. 


Sin. 


S. 


Tan. 


T. 


■9cC« 


S. 


Tan. 


T. 


Po!. 





Of the Sector. 

The sector consists of two arms or radii moYdable about a centre. 
It contains, beside the lines aboye describedt^ double sets of lines of 
the following denominations, namely, 

1 • . . Lines or equal parts, marked 

£ • • . Chords, • . 

3 . • . Sines, • . • • 

4 • . . Tangents to 45^ • 

5 • • . Secants, • . • • 

6 . • • Tangents above 45^ . 
r • • • Polygons, .... 
These lines diverge from the centre of the axis about which the 

arms of the sector turn. The lines of chords, sines, and tangents 
to 45^, have the same radius, so that the chord of 60^ the sine of 90% 
and the tangent of 45% are equal to each other, and each equal to t^i 
divisions on the line of lines. This common radius is nearly equal 
to the length of the instrument when closed. The line of tangents 
above 45^ and that of secants, have each fbr its radius, one fourth of 
the above, and are continued to about r6°. The line of polygons is 
placed upon the inner edge of each arm of the sector, beginning with 
4, and extending backward or toward the centre to IS. 

The use of the sector depends upon the proportionality of the sides 
of similar triangles. Thus, let AB (fig, 98) be equal to AC, and Jib to pj. gg^ 
A c, and we shall have {Geom. 202} 

AB : BC :: Ab : he. 
Therefore whatever part A bis of AB, the same is ft e of BC. IfAb 
be a chord, sine, or tangent to AB as radius, b c will be the same to 
BC as radius. The use of this instrument will be best understood by 
a few examples. 

1. To divide a given line into any number of equal parts, as nine 
for instance. Take the length of the given line in the compasses, 
and open the sector till the distance between 9 and 9 on the two 
lines of equal parts is equal to the above extent Then the trans- 
versett distance between 1 and 1 will be one ninth of the given 
Une. 

2. It is proposed to represent a field 140 poles in length, an a plan 
that shall be just 6 inches in its greatest extent. If we make the 



f The small secton of six Inches do not contain all of the above lines. 

ft An extent from one point to another point on the same line ib called a 
lateral distance, and the extent between two corresponding points of lines of 
the same kmd is caUed a 9rantver§e distance. 
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transyerse distance on the lines of equal parts between 7 and 7^ or 7Y> 
and 70, equal to half of 6 inehes, we shall have in the transverse 
distances between corresponding numbers on these lines, a scale of 
equal parts of the required magnitude. 

It is evident, moreover, from the nature of similar triangles, that 
many other questions may be solved by the above lines, as the find- 
ing of third proportionals, fourth proportionals, mean proportionals, 
&c. (Geom. 237, &c.) 

By means of the lines of chords, sines, tangents, and secants we 
may form scales adapted to any radius less than the length of the 
sector when open. If it were required, for example, to measure the 
Pig. 21. arc of a circle already drawn, as JiB [Jig. 21), or to laj off any num- 
ber of degrees on this arc ; taking in the compasses, the radius of this 
arc ^saJiCf and opening the sector till the length of this line extends 
from 60 to 60 on the line of chords, or from 90 to 90 on the line of 
sines, or from 45 to 45 on the line of tangents, (each requiring the 
same opening), we shall have a scale of each of these lines adapted to 
the radius of the given arc, and the number of degrees in dB is 
found, by applying the chord of JiB to the line of chords, or the sine 
of JiB ss BP, to the line of «nes, or the tangent of dB =s dB', to 
the line of tangents ; also any number of degrees may be laid off on 
JiB by means of the 8ame> lines. 

In using the line of chords, if the arc to be measured or to be laid 
off, exceed 60°, we may first measure or lay off 60^ and then the re- 
mainder ; if it exceed 1£0°, we may take 60° twice, and proceed with 
the remainder as with an original arc of this magnitude. 

If we have occasion to employ a tangent of more than 45^, we 
make nse of the second line of tangents, the radius of which is one 
fourth of that of the first, and equal to that of the line of secants. 

Suppose it were required to make a stereographic projection of the 
sphere upon the plane of the meridian, similar to figure 14, the radius 
of the primitive being given equal to two inches. We open the sector 
till the transverse distance between and on the line of secants, or 
between 45 and 45 on the second line of tangents, is equal to two in- 
ches. We then take for the radii of the several meridians to be pro- 
jected, the secants of their inclinations respectively, and for the dis- 
tance of their centres from the centre of the primitive, the tangents 
of these same inclinations, and in projecting the parallels of latitude, 
we take for their radii the tangents of their polar distances, and for 
the distance of their centres, the secants of these same distances. 

The line of polygons is a line of chords of i, \, ^, &c., part of 360^. 
It is used to inscribe a regular polygon in a circle. Let it be propos- 
ed, for example, to inscribe in a giyen circle a regular polygon of 8 
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fjAeM. Open the sector till the tnnsrerse distance between 6 and 6^ 
(answering to the chord of 60^ on the two lines), is equal to the giy- 
en ladius, then the transverse distance betweep 8 and 8 will be the 
chord of the 8th part of the given circle* or the side of an inscribed 
octagon. In like manner a polygon of any other number of sides 
not exceeding 12, may be inscribed in a circle whose radius is known* 
So also when the polygon to be constructed has one side given, by 
reversing the above process, we can find the radius of the circle in 
which this line can be inscribed the given number of times. Take 
the g^ven line in the compasses, and open the sector till the trans- 
verse distance between 5 and 5, for example, if the required figure be 
a pentagouj be equal to this extent ; then the distance between 6 and 
6 will be the radius of a circle, in which the given line will make 
one side of a regular inscribed pentagon. 

Of Gunter^s Scale. 

GuNTEu's scale, commonly of two feet in length, contains on one 
side the lines of the plane scale, already described, and on the other 
corresponding logarithmic linest- 

The line of numbers, marked JV\im. or JV*., on which most of the 
others depend, is constructed thus, Let a line, equal to half the 
length of the proposed scale, be divided into 1000 equal parts ; then, 
since the Ic^arithm of 1 is 0, the distance of 1 from the beginning 
of the line is 0, that is, I stands at the beginning of the line. And, 
because the logarithm of 2 is O^SOI, when the logarithm of 10 is 1, 
or, which is the same thing, the logarithm of 2 is 301, when the loga- 
rithm of 10 is 1000. Therefore the distance between 1 and 2 is 301 
equal parts of the above scale. For the logarithm of 3 we take 477 
of the same parts, and set it from 1 to 3 ; for the logarithm of 4, 602 
parts, and so on, the numbers being taken from a common table of 
logarithms, but extending only to three places instead of five or sev- 
en. The primary divisions being thus formed, the intermediate divi- 
sions are obtained in a similar manner, by taking the logarithms of the 
intermediate numbers. Thus the logarithm of 1,1 is 41, the loga- 
rithm of 1,2 is 79, and so on. These numbers being set off in order 
from 1 will divide the primary division into ten parts. The other 
.primary divisions are subdivided in a similar manner. 

The line of sines is constructed by taking from the same scale of 
equal parts, the arithmetical complements of the logarithmic sines, as 



f There are usuaUy several of these lines on the small scales of six Inches, 
namely, the line of numbers, and those of sines and tangents. 



1S4 JfbUi. 

found in the common table, and setting them off fMm 90 backward 
or toward the left hand* A similar method is observed in the con* 
struction of the other lines. 

There is moreover a line of meridionid parts, marked J^er. orJUi, 
placed directly over a line of equal parts with which it is used. The 
line of equal parts is numbered 0, 10, 20, &c., from the right hand to 
the left. Each of these lai^e di^sions represents 10 degrees of the 
equator or 600 nautical miles. 'The first of these divisions is some* 
times divided into 40 equal parts, each representing 15 miles or 15^ 

This line is constructed thus. Take the meridional parts corres- 
ponding to the several degrees of latitude from a table of meridional 
parts, and reduce them to degrees by dividing by 60. Take the quo- 
tients thus obtained, from the scale of equal parts, coimected with the 
line to be constructed, and set them on this line from the right hand 
toward the left. 

The extent from the brass pin on the line of i^eridional parts to 
any division on this line, applied to the line of equal parts, will give in 
degrees, the meridional parts answering to the latitude of that divi- 
sion. The extent from one division to another ma the line of merid- 
ional parts, applied to the line of equal parts, will give the meridio- 
nal difference of latitude between the two places denoted by the two 
divisions. This meridional difference is reduced to leagues by multi- 
plying by 20, or to miles by multiplying by 60. 

Problems in trigonometry may be solved by the double lines of the 
Fig. 38. sector. Thus, in the question of art 49 (Jig* 28), having the angle 
jD = 31^ and DdB » 15"*, and the side BB » 100 yards, we take 
half t of 100 on the line of lines, and open the sector till this extent 
shall reach from 15^ to 15^ on the lines of sines, then the sine of Sl^ 
taken as a transverse distance and applied to the same scale of lines, 
will give half of ^B s 99^. Open the sector till the distance 99) 
shall extend from 90"^ to 90"" on the lines of sines, and the sine of 
46^^, taken as a transverse distance and applied to the line of lines, 
will give n j, the double of which, 143, is the height required ^C^ 

It will be readily seen that the above operation amounts to a geo- 
metrical construction, in which one of the sides is made the sine of 
its opposite angle. 

A similar result may be obtained by logarithms, taken from the 
tables ("49^, or by the logarithmic lines on Gunter's scale. 



-(- There are many cases in which it is convenient to take a certain part of 
tlie given side or sides, which need occasion no embarrassment, since all the 
sides may be considered as diminished in the same proportion without altera 
ing the angles (Geolin. 205). 
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€>oimpimdiBg to ihe geoowfaical propwiioii, or pn^rtion by 

m IS"" : till Sl^" :: 100 : 199» 
we hsve the arithnetkal prQ|iortkHi» (^ eqoidiffer^^ 

l€g.8iii 15^ . kg. an sr : : leg. 100 . leg. 199. 
Aocordingly, if we ap|ily .die compaises on tiie line oi Itgi^nOam 
nnes from 15^ to 31^, tiiis extent will reach on the line ^ nunbers 
from 100 to the term sought 199. 

hk Uke Manner for the second solution of the article above referred 
to^ the extent from 90^ to 46r on the line of logpuithndc sines, will 
reacdi from 199 to 143 on the line oi numbers. 

It is hanflj necessary to oboerre, that when thefint extent is tak- 
en progressiTely, or from a less to agreater, the second is also to be 
taken progressively, and vice versat* It is equally obvious, that; 
when the proportion happens to present itself in such a form, that 
tile first two terms are of « diflferent nature, that is, one a side and 
tiie other an ang^e, and also the last two, tiie two middle terms may 
alirays be made to change places. Such a change is supposed in the 
second of the above examples. 

In the case of spherical triangles, the sides being expressed in de- 
grees as well as the angles, the four terms may all be considered as 
of the same kind, even thoo^ some are expressed by their tan- 
gents and odiers by their^ sines, it being observed always, where a 
cosine or cotangent occurs^ to take the sine and tangent of the com- 
plement respectively. 

In the first proldem of the chapter on nautical astronomy, if we 
open the compasses from 23^ 5d^ to 90°, or the e3ctremity of radius, 
on the line of logarithmic ones, this extent will reach on the same 
line, and in the same direction, from 12* 12' to 32° 03'. So also in 
the second problem, the portion of the line of tangents from 45° to 
the tangent of the complement of 23° 58^, will extend from 1£° 12' 
on the same line to a point opposite to 29° 52' on the line of sines. 

We have indicated a method of solving plane trian^es by geomet- 
rical construction (7S)* Spherical triangles, in like manner, admit of 
being represented and of having their unknown parts determined in- 
dependently of calculation. 

From the manner in which «^SP0 (Jig* 50) is constructed, it^i^r*^- 
will be observed, that the three given parts ofJi T 0, are such as they 
-would appear to be to an eye situated in the surface of the sphere 



t Regard hovever id to be pAi<f to the circinnataiice of the tangent beyond 
^ bemg continued back on the same Une. 
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on which thej are supposed to be delineated. Moreover the parts 
quired TO» SP .A, are faithfully represented according to the same 
method of projection. Consequentij, if from the point JV* or 8^ the 
poles of £ ^ we draw straight lines through ^ and T> meeting the 
primitive, the arc of the primitive, tiius intercepted, will be the true 
measure of •9T ("30 j.^ The number of degrees in TO is found 
in a similar manner. 
The same rule will apply where the required side is a portion of 
?ig. 57* ^^ oblique circle, as JV* C (fig* 57 )y that is, we first find the pole P, 
of the oblique circle n Cmt, and from this point we draw linea 
through the extremities of the required arc to the primitive, and the 
number of degrees, thus intercepted, will be the measure sought 

If the required part be an angle, we have only to draw from the 
vertex of this angle, through the poles of the containing sides, two 
straight lines meeting the primitive, and the arc thus intercepted 
will be the measure of the proposed angle. 



II. 



Inaisruments for measuring kngtJis^ 

1. The instrument most commonly used, for determining dis- 
tances, especially in surveying, is the chain* It is ordinarily four 
rods, or twenty two yards in length, and is ^divided into one hundred 
links. Each link therefore is ^^ of a yard, -f^ of a foot, or 7,92 
inches. 

The manner of using the chain is very obvious. Ten small ar» 
rows being provided, two persons, called the leader and the foUower, 
apply the chain successively along the line to be measured, the lead- 
er putting down an arrow at the termination of each chain's length, 
which is taken up by the follower, being employed both as a mark 
for placing the chain, and as a tally to show the number of times it is 

t The projected pole P of any oblique circle n C ma always in Vf 25 
drawn at rig^bt angles to n m, and its distance T P from T, the centre of 
the primitive, is equal to the tangent of half the distance of its pole from the, 
pole of the primitive, or, which is the same thing, half the inclination of the 
oblique circle to the primitive (12) ; hence, if a straight linen F, be drawn 
meeting the primitive in L, and from Z we take L M equal to 90®, the line 
joining n, JH, will pass through P, the pole ofnCm* 



InsHmmtnUfoT flittmirtfi^ la^fia. 1 57 

in any required distance. One or more pickets or station-staves are 
set up as a guide to the chain-men to prevent any lateral deviation 
from a direct course. In surveying, an allowance is made for the 
ciblique position of lines to the horizon, especially where the inclina- 
tion is considerable. 

Where great accuracy is required, distances are of ten measped in 
jrards, or in feet and inches. In this case graduated rods, or poles, or 
measuring tapes, are used* In levelling, two staves (Jig, 99^, are em- Fig. 99 
ployed, divided into inches and tenths, each staff consisting of two 
pieces that slide the one upon the other, so as to rise to the height of 
ten or twelve feet when extended. A signal or target, having a 
white stripe upon a black ground, to render it conspicuous at a dis- 
tance» is attached to each staff in such a manner as to adhere to any 
|ULrt of its length, and thus to point out the elevation of the horizon- 
tal line, or line of sight of the levelling instrument, above the ground. 

Extensive routes are often measured by means of a wheel (Jig* \W) 
one half of a rod in circumference, so connected with a dial by me- 
chanism, that the number of miles, furlongs, &C., are shown by in- 
dexes. It is sometimes attached to carriages, and is very conven- 
ient for measuring roads and lines of great extent, but is not generally 
so acciirate as the chain. It is called a perambulator or way 
?rfcer. 

Distances in navigation are estimated by the log (fg. 101^. This in- Fig 101 
•trument consists of a line attached to a thin sectoral piece of wood 
of about four or ^ve inches radius. By means of a strip of lead 
fastened to the arc, it is made to float in a vertical position, about 
two thirds being immersed in the water. Upon being thrown into 
the sea, therefore, while the ship is under weigh, it will remain near- 
ly stationary, and the quantity of line drawn freely from a reel on 
which it is wound, will show how far the ship has sailed during the 
time employed in this experiment It is usual to take half a minute, 
as measured by a half minute glass. The length of line run off in 
this time, multiplied by 120, will accordingly give the rate per hour, on 
the supposition that the motion has been uniform. But instead of pro- 
ceeding thus, the practice of seamen is to divide the line into portions, 
called knotSy that bear the same proportion to a nautical mile that a 
half minute bears to an hour. Then the number of these knots run 
off in a half minute will show directly the rate of the ship's sailing 
per hour. 

T(^. 18 
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III. 



Of the levelling iimtrument and instrumenU for measuring angUsm 

1. The essential part of the most approved instraments employed in 
leTelling, is a glass tube, filled with e&er or spirits of wine^ except a 
small portion containing air. The bore of the tube being straight or 
very slightly curved upward, it is obvious that the bubble of air, on 
account of its tendency to the highest point, will remain in the mid- 
dle only when the two ends of the tube are on a level. If there- 
fore a pair of sights, or small holes in a brass plate, be made to range 
on a line parallel to the two ends of a spirit-level, constructed as 
above described, it is evident that these sights will be horizontal, 
when the air-bubble occupies the middle of the tube. Instead of 
plain sights, a small telescope, a foot and a half or two feet in length, 
is often employed. This enables the observer to see to a greater 
distance and with more distinctness. 

The use of the levelling instrument is very simple. Being adjust- 
ed, and the levelling staves being placed, one on each side by two 
assistants, in the dir<&ction of the route where the difference of level 
Pig. 102 is to be found (figAQ^), the instrument is successively turned to eadi of 
the levelling staves, and the distance of the line of apparent level, from 
the ground in each direction noted in two columns under the title of 
fore and hojck observations. The instrument with the back staff is now 
moved forward, the fore staft remaining, and the same process is 
repeated successively, till the extrenjp parts of the proposed route 
are connected together. Then the difference between the sum of 
the fore observations and that of the back (Nervations will be the 
difference of level required nearly. 

It will be perceived that, in the foregoing method, if the instru- 
ment be nearly in the middle between the two levelling staves at 
each station, no correction is necessary for refraction, or for the curva- 
ture of the earth's surface, since the error in one direction compen- 
sates for the error in the other. Where great accuracy is required, 
or where there is a great difference on the whole between the fore 
and back distances, from the instrument to the levelling staves, it be- 
comes necessary to measure these distances and to apply a correction 
for the inequality. 
v\%. 103 S* The mariner'^s compass (Jig, 103^ is used to trace a route through a 
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woody mad to tmi the twairingB of roods, iheboondiuiesof fields, &c.; 
tot it is portiaiUri J important in navigatiDn, as it serves to indicate 
the course of n ship in the readiest and most conTenient manner with- 
out the aid of the son or stars. It consists principally of a ma^etic 
needle attached to a circular card, the circumference of which is 
divided into 32 equal parts called points^ and, each point is sabdi« 
irided into £Mir parts called ^noriers. The line on which a ship 
sails, as indicated bj the compass, is called a rhumh* line, and its 
position is denoted bj the angle which it makes with tlie meridian, 
expressed ordinarilj in points and quarter points, but which may 
also be expressed in d<^ees and minutes, by allowing 11^ la' to a 
pcMnt, and using the same pnqwrtion for a smaller quantity. 

The denominations for the several points of the compass, in an 
abbreviated form, may be seen in the figure. 

It is to be carefully observed that the magnetic needle does not 
point exactly north and south, except in certain particular places. 
Allowance therefore is to be made in almost all cases for this devia- 
tion, called ike variation wdeeUnaHonoi the magnetic needle, and 
this allowance is different in different places, and at different times in 
the same place. It has been ascertained by observation in the most fire* 
quented parts of Ihe earth, and put down in charts for the use of sea- 
men, and the change firom year to year is for the most part not so great 
as to require to be attended to, till after the lapse of a considerable 

period. 
S. A ffuodoliim (fig* 104 j, contains, beside a compass, a horizontal Fig. 104 

drcle and a vertical arc, each divided so as to measure degrees and 

minutes* It is also provided with telescopic sights and a spirit level 

for the proper adjustment of the above graduated limbs, and is Uius 

capable of being used as a levelling instrument. It is particularly 

adiq>ted to measure the angles used in surveying, and in tlie 

mensuration of heights and distances, and is occasionally employed 

for astronomical purposes. 

If we suppose an instrument ,supported like the above, and provid- 
ed only with a magnetic needle, a pair of plain sights, and a horizon- 
tal arch of 180°, this would be a semicircle. It is often used in 
surveying. 

If the instrument have only a pair of sights and a compass box, 
divided into degrees, as well as into points, &c., it will still answer 
the purpose of measuring angles in a field. We have only in tliis 
case to determine the bearing of each of the sides containing the re- 
quired angle, and to subtract the less from the greater. The differ- 
ence will obviously be the angle sought. An instrument so con- 
structed is called a circumfereniior. 
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Vig. 105 Sbmetimes a simple table, (Jig. 105), cotered with a sheef! of ])Aper» tt 
placed successivel J at the several cdrners of a field, and by means of A 
rule supporting two sights, the actual angles are laid down upon tht 
paper, and a plan of the field is drawn on the spot. Hits is called 
9L plain tahh, \i is usually provided with a magnetic needle and a 
scale of equal parts* 

4. The quadrant of reflection, commonly called Badley^s quadrant, 
represented in figure 106, is fitted to measure not only horizontal and 
vertical angles, but such as have their planes inclined in any TOannei* 
whatever to the horizon. It is particularly useful at sea, where thd 
motion of the ship prevents the use of instruments in which the 
plumb-line, or spirit-level are employed. The angular distance be- 
tween- two objects, as between the sun's limb and the horizob, be- 
tween two stars, or between two station -staves on the surface of the 
earth is determined in the following manner. The instrument is so 
constructed, by means of two mirrors a, b, one of which is attached 
to the moveable index /, as to admit of the observer's seeing one of 
the given objects, the sun's lower limb for instance, directly and by 
reflection, at the same time. If now, the image and object thus 
coinciding, the index, carrying one of the mirrors, be moved for* 
ward, till the image of the sun's limb be brought to the horizon, of 
surface of the sea, the arc described by the index, according to a 
well known principle in optics, will be just half the arc described by 
the reflected image. We have only therefore to double the above arc, 
described by the index, or, which comes to the same*thing, in the gra- 
duation of the arc Ji B, to call half degrees degrees^ &c., and 
then the angle may be read off in the usual way. An eighth part of 
a circle is thus made to measure ninety degrees, and where there id 
occasion to measure a larger angle, as in taking the distance of the 
moon from the sun or a star, for the purpose of finding the longitude, 
the graduated limb is extended to sixty degrees, and is accordingly 
adapted to the measurement of angles of one hundred and twenty- 
degrees. So constructed, the instrument is called a sextant. It is 
usually made With more care than the quadrant, and furnished with 
telescopic sights, and with magnifiers for reading off the divisions. 

The sextant is sometimes made with a radius of only two or three 
inches, to be used in surveying and engineering, instead of the less 
portable instruments above described. It is usually enclosed in a 
box, and called a box or pocket sextant. 

Finally, the graduated arc is enlarged to an entire circumference, 
and the mirrors so disposed as to admit of the measurement of the 
angle being repeated continually; then the sum of all the angles 
being divided by the number of observations, we obtain a result 
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to be idled OB, ten a ainijle QbMTfitiQi^ sittce H is in m d«pce 
fineed hwmcatm errors in the conatmction and adjostmeet of the 
iiastrament that haTe hitherto been fonnd unaToidable. 

l¥e have attempted to gpre the learner ool j some general notion 
€i£ the leading properties of the fbr^oi]^ instnimentk More 
^tty be learned bj a few minntes* actnal inspection, than bj tiie most 
extended and laboured descriptioii. The more minute details rdat- 
ing to the hislory of these inventionsy thar censtniction, adjastment, 
and use, are left to the teacher, who. with the aid of the instrument 
itself instead of a drawing, will be much better able to giTe the ne- 
cessaiy infonnation. 



IV. 

LtvestigtAion of the expressions for the sine and cosine of an ct*c 

made use of in article 179. 

Kadins being supposed eqnal to 1, we have the equation 
cos «J* + sin Ji* = 1. the first member of which may be regarded as 
tiie product of the two imaginary factors cos A + ^/^ sin A and 
eoB*.^ — s/^l sin Ji, If we multiply together the two similar factors, 
cos jS + y/-^ sin jJ, cos B 4- \/^ sin B^ the product will be 

COS .^ cos A — ^n w9 sin jB + (sin w9 cos jB + sin B cos S) y/~l 
This reduces itself to the form 

cos {A + B) + y/m sin {A + B) 
which is similar to each of the factors. We have^ therefore, as a 
general result 

(cos A + v^risin A) (cos B + v^Za sin J5) =» cos {A + B) 
+ v/— 1 sin {A+B)\ 

and it is reiparkable that quantities of this kind are multiplied 
together by simply adding the arcs, which is a property analogous to 
that of logarithms. Whence 

(cos A + s/^\ sin A) (cos w4-f v^:i4 sin wf) = cos 2 .5 + ^/Hi sin 2 A 
(cos A+ y/~\ sin A) (cos 2 A+y/^i sin 2 ^)=cos 3 ^+ v^— i sin 3 A 
(co8«94- v'^ sin A) (cos 3 .4-f-\/-^ sin 3 •^)-=:cos 4 A+y/~\ sin 4 A 
&c. 

The first product is equal to (cos A + ^/^T sin A)^, the second 
to (cos A 4- y/^^ sin ^J ', and so on. Therefore, in general, n being 
equal to any entire number whatever, we have 

(cos A + \/^^ sin AY = cos n .^ + ^/'^ sin n A 
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from which is derived bj changing the sign of \/irTf 

(cos .a— %/^^ sin •*)• «s cos n A — ^/TTT sm n A. 
From these two equations, which are a consequence the one of the 
other, we deduce the separate values of sin ii .J and cos n w9 ; thus, 
cos n .A « (cos A + y/^^ wn Ay — -•ZT sin nA, 
cos n df as (cos A — -v/^HT sin w9)* + ^/ITT sin n A, 

Whence 
2cosnJai(cos.A + ^CTT sin w9)« + (cos ,3 — ^ITTsin J)*, 

or 

cos n td tss |r(cos A + v'ln' sin .tf)" + 4 (cos jJ — \/^Zr sm w9)«. 

In like manner we obtain 
2 s/ZTi %mnA^{cio%A + v^Hl sin .J)* — (cos«fl — v^ZTsin.tf)» 
or 

sin fi J cs ^ (cos .A + v/^ sin .tf)» — -r — = (cos A — ^/ZTsin A)^. 

In order to express these same quantities. in a series, it is neces- 
sary to develope, by the binomial formula, (cos«d + v^HTsind9)'*» 
which will give 

cos%a* + — cos J*-* sin A ^~\ -^ V "T (cos J»-* sin •!« 

X * X • A 

— cos .i"^ 8m A^ ^/ITT 



1.2.3 
n.n — 1 .n — 2.n — 3 



cos J»-* sin .fl* + &c. 



1.2.3.4 

This quantity being the value of cos nA + \/irr sin n td, if we put 
the i^al part equal to cos it A^ and the imaginary part to ^ZTf sin n A^ 
we shall have cos n df a * 

C0S.S" r"5 — co8«fl*->smw9»H cos dfl*-* sm A^ 

X.2 X.S.0.4 

— &c. Also by multiplying the same two equal expressions by ^/HT^ 
and piitting their real part equal to sin nA^ and the imaginary part 
to v^infcos n«A, we find 

• j» It -,_ , • A II . I* ^"^ X • II "^^ X ^^^ A • A« . «• 

sm 11*9 «r cos .fl»-*8mdff , ^ ^ cos J»-«sm«tf» + &c» 

X 1 • X. 9 

By means of these series, the law of which will be easily perceived, 
the sine and cosine of an arc, tlie multiple of A^ may be obtained in 
'a manner more expeditious than by the method heretofore given. 
(Tri^. 11, &c.) 

These scries admit of the fonn exhibited below, it being recol- 
lected that sin A^z^%A tang A {Trig. 8.)« 

cos n «9 Bs cos A" '  cos A^ tang A^ 

X • <w 



H.« — !• II— 2.11 — 3 



1.2.3.4 



COS Jl^ tang J^ "i— &c 



-. mm^t II -tt— 1 - i.« . I* • ll~ t • 11—2 .11 — 3^ -^ _ N 

^it^aacoe^f-Y*M*g'^— "'"7*o'3~ tang ^* +&c.^ 



JC 



COS 



Let K as —. Then, bj sulwtitiitiiig this Talae» still retsining die 
Actor cos JS^, we shall haye cos x ss 

•^ V iT2""5^+ 1.2.3:4 j^i — *^y 

-.•OP tai]e.i9 op.jp — dl.jc— 2^ tang,^' . . \ 

In these formulas A may be taken, of any magnitode we please* 

Snniose Ji werj small, and we shall have — ^ — but little diierent 

from nnitj, since the tangent of a very small arc is nearly equal to 
this arc. Still, while the arc is greater than 0, tang Jt^J9*w 

— -J— <^1; we have at the same time .^^ sin .fl**; therefore — -^ 

<r . ^j orS^- <' 5. Whence it will be seen that the ratio 

^ BOkJi A ^coswi 

j° is always comprehended between the limits 1 and — j.. Let 

•tf Bs 0, and we have cos tJ « 1. Therefore, since — j — is compre- 

bended between 1 and - — s, it follows that we must have precisely 

cos .a "^ -' 

tan&r Ji 

— I — a 1. Hence, by making A^aQ, the above formulas become 

«o 

cos jy saaCOStarT 1— I —  "^ 4* OCC. J 

\ 1.2^1.2.3.4 1.2.3.4.5.6^ / 

smor aCOS.ff"( JP— ^7~-— ;r+ - — r— T— -r-^ — &c. ) 

\ 1.2.3 1 .2.3.4.5 -/ 

It remains to see what is the value of cos Jl\ when A diminishes 

more and more, till it finally become zero. Now we have 



* AB' (Jig. 21) is greater than AB^ because the triangle U to the sector 
ACB :: jiB'X JjJC : ABy^^AC :: AB! i AB (Gtom. 290.; 

** AB\a greater than BP because the half of any arc is greater than half its 
ohord (Geom. 283.) 
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MbUs. 



cos 



-J, *pec Ji* (Trig. 9Q) = 1 +tang J«, 



whence 



C0S«)9 



and accordingly 
cos *A^ ( 



(1+ tang •«»)*' 



n.n + 3, 



Substituting for n its value •-= we have 

^ ^ 0? - tang .A* .ar.ar + 2wl -.tangjl* ^ 

If BOW we suppose A to diminish more and more, or remaining the 
same, the value of cos ti" will approach nearer and nearer to unity* 

tans aifl 
till upon making .J as 0, and — -^ » 1, we shall obtain CfxacUy 

cos w9s ss 1. We have therefore the following formulas ; 



x" 



cos 07 



+ 



X' 



X' 



1.2 1.2.3.4 1.2.3.4.^.6 



+ &c. 



sin a? « a? — 



a 



X- 



X' 



1.2.3 1.2.3.4.5 



— &c., 



which, when x «— , become 

r 



a 



a' 



a* 



. a a b^ 

sm - SB — ^ ^ « 
r r 2.3r^ 



— &c. 



4^4 

-j" &c. 

iS^ee Legendre^s Trig. art. ;Kxxii« 
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COHTAimNO LOGARITHMIC ANB OTHBR TABLC«. 



TMt f^ MeriiUmai pttri9* 

l*ttE cmistiiicttoii and use of this table have been already explidftei 
f 38^ 71). It is only necessary to observe, therefore, that tiie degreei 
and minntes of anj given latitude being fonnd in the two first col- 
tunes, we shall have on the same line in the column marked Leng^ 
tkt leaf^ of the correspiMiding line on Mercator's chart 

IMU df JMroRomieo/ X^rocliofis. 

Hus table contains the mean astronomical refractions f&t every 
degree ef altitude or zenith distance, with the corresponding varia* 
lions for -^ of an inch of the barometer, and 20^ of Fahrenheit's 
thermometer. The fi^lowing example will sufficiently illustrate the 
«se of this table, it being recollected that the refraction is increased 
iiy cold and by greater density, and diminished by heat and by gneat- 
tr rarity. Let the refraction be required, when the zenith distance 
or complement rf the altitude is 25^ 20', and the barometer at 29,6, 
and Fahrenheit's thermometer at 60°. The refraction corresponding 
to ZS"" 20', is 27'',0. The variation for ^ of an inch of the barometer, 
is 0",8 ; and therefore the variation for -f^ will be — W'A* with the 
sign -», since the barometer is lower than in the Table. The variation 
fcr 20® of Fahrenheit, is 1",3 5 and therefore the variation for 5^ is + 
V,3, with the sign +, since the thermometer is higher than in the 
Table. . The refraction consequently is 27".0— '0"4+0''3=26"9. 

Table of JSTatural Sims. 

This table contains the natural sine and cosine of every minute of 
the quadrant, constructed according to the methods furnished by trig- 
onometry (Trig. 20^, radius being 100000. 

Tap. 19 



f 
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It is evident that these numbers may be readily adapted to any 
other radius. By supposing, for instance, a radius equal to 1, or one 
hundred thousandth part of the radius of the tables, we have on\j 
to reduce the numbers expressing the sines and cosines in the same 
proportion, that is, to divide them by 100000, or to separate the five 
right hand figures for decimals,, and we have the value of the sines and 
cosines belonging to a circle whose radius is unity. 

It will be seen that the same column is marked at one extremity 
JV*. sine and at the other JV. cos. This is done for the sake of 
abbreviating the table. Every number, which expresses the sine of an 
arc, denoting also the cosine of its complement, it would be super- 
fluous to repeat these numbers for the sole purpose of keeping the 
sines and cosines distinct. It will be observed therefore that the 
denominations at the tops of the columns correspond to the degrees 
at the top, taken in connexion with the minutes on the left ; and that 
the denominations at the bottoms of the columns correspond to the de- 
grees at the bottom, taken in connexion with the minutes on the right. 

Table of the Logarithms of numbers. 

1. The theory of logarithms and the method of obtaining them have 
been the sufcgect of consideration (*^ilg. 2S8j. It only remains there- 
fore to point out the practical application of them tx> the solution of 
questions. 

The tables here employed contain the logarithms of numbers from 
one to ten thousand. On the first page of the table the column of 
numbers, marked JV*, extends from 1 to 100, and against them in the 
same line on the right, are the entire logarithms, marked Log. 
TJiroughout the rest of the table only the fractional part of the loga- 
rithm is put down, as the integral part, or characteristic, may be readily- 
supplied, it being recollected that it always contains as many units 
wanting one as there are figures in the given number (Mg* 9A5). 

SL if the number whose logarithm is sought be between 100 and 1000, 
it is to be looked for in the first column of the table intitled JV*o., and 
the fractional part of the corresponding logarithm will be found on 
the same line in the second column. Of numbers between 1000 and 
10000 the three first figures are to be sought in the first column, and 
the fourth figure in the upper line but one, and the corresponding 
logarithm will be found on the line of the three first figures and direct- 
ly under the fourth. 

3. If the given number exceed 10000, consider the first four fig- J 
ures on the left as a whole number, and the remaining figures as 
decimals. Find the logarithm of the number so reduced, by using a 
proportion for the decimal part« and then restore the original value 
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of the given number, by adding to the characteristic as many unitt 
as there are figures in the part cut off for decimals. Thus, to find 
the l<^;arithim of 21598, for instance, 1 separate by a comma the four 
first figures on the left, which gives 2159,8. The log. of this number 
will consequently fall between the log. of 2159 or 3,SS425, and 
that of 2160 or 3,33445. Now the difference between the loga- 
rithms of these two numbers is 0,00020. Consequently, 

1 : 0,00020 : : 0,8 : 0,00016. 
Accordingly, if we add 0,00016 to 3,33425, the log. of 2159, wt 
shall have the log. of 2159,8 equal to 3,33441. But tlie given num- 
ber is 21598 or 2159,8 )f 10 ; we have therefore 

log. 21598 = log. (2159,8 X 10) = 3,33441 + 1 = 4,33441 ; 
Whence the reason of the rule is evident. 

4. To obtain the log. of a fractional number greater than unity, 
subtract the log. of the denominator from. that of the numerator, 
and the remainder will express the log. required. Thus, 

log. 'II* = 3,55011 — 1,59794 = 2,15217. 

log- ^A = 'og- Si = 1,90849 — 1,04139 = 0,86710. 

5. The log. of a fraction less than unity is susceptible of two dif- 
ferent forms. If it is desired that the log. should be entirely nega- 
tive, subtract the log. of the numerator from that of the denominator, 
and the remainder, affected with the sign -— , will be the logarithm 
sought. Accordingly we have 

log. ^f^ = — (3,55011 — 1,39794) » — 2,15217. 
Indeed the fraction \|^ may be considered as the quotient arising 
from the division of 1 by ^fy* ; therefore, since the log. of a quotient 
is equal to the log. of the dividend minus the log. of the divisor, we 
have 
Jog-y|{T = log.l-log.3|J» 

= — log. «|f • 

= — log. 3||«= —(3,55011— 1,39794)= —2,1 52ir. 

6. If the characteristic onlj is required to be negative, add as many 
units to the log. of the numerator, as will suffice for subtracting the 
log. of the denominator from it ; perform this subtraction, and the 
decimal part of the remainder with a negative characteristic prefix- 
ed, equal to the difference between the units of the remainder and the 
units added to render the subtraction possible, will be the log. sought. 
If we add, in the above example, 7 units to the log. of 25 or 1,39794» 
we shall have 8,d9794. Subtracting from this the log. of 3549 or 
3,55011 we obtain for a remainder 4,84783. The decimal part of 
which 0,84783, with a characteristic 3, equal to the difference between 
the four units of the remainder and the 7 units added to make the 
subtraction possible, will be the required log. the characteristic of 
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which oqIj is B^atire. Lflgaiithms of thii kind are ^tfiiguiaKedfbjr 
placing the 8%n — over the figure to be affected bj it, thQs'd^84rSS* 
The reason of the process here pursued will be easily perceived. 
Since tiie log. of a fraction is equal to the l^. of the numerator minus 
the log. of the denominate, if we add a number of units to the log* 
of the numerator, the remainder will be just so much too great, and 
is accordingly to be diminished by the number of units added ^ that 
is, in the above example 4 is to be diminished by T ; but we can ac- 
tually take away only 4, and we indicate the remaining deduction 
by the expression -— 3, according to the ordinary use of the sign 
minus. We should evidently arrive at the ftime result by adding anj 
other number of units to the log. oi the numerator. 

7. ,The log. of a decimal number, either greater or less than unity^ 
might be obtained by finding the log. of its equivalent vulgar fraction* 
But it is more convenient to operate directly with the decimal num- 
ber, according to the following rules. 

- In the case of a decimal number greater than unity, suppose 
the decimal point removed, and proceed to find the log. of the entire 
expression eonsidered as a whole number. Then diminish the char- 
acteristic by as many units, as the proposed number contained deci- 
mal figures* and the result will be the log. required. Thus, 

01500 

Log. 21,598 = log. -— ^ « 4,33441 — 3 == 1,33441. 

luuu 

This is agreeaUe to what has just been shown. See akaJB^.^S. 

8. The log. of a decimal number less than Unity admits of t«r# 

forms.. If it is required to be entirely negative, the decimal point 

being suppressed, find the It^ahthm of the given number^ considered^ 

as a whole number, and subtract it from as many units as there are 

figures in the given decimaL Thus, 

456 
log. 0,000456 = log. y^5q5q5 = 2,65896 — 6 « — 3,34104. 

9. If it were proposed that the characteristic only should be negative, 

find the log. of the given number,^ considered as a whole number, and 

the decimal part of this tog. with a negative characteristic prefixed^ 

equal tO: the number of ciphers ^hich precede the first significant 

figure of the given decimal, will be the log. sought. Thus, 

456 
log. 0,000456 =r log. jQJj55^ = 2,65896 — 6 « 4,65896* 

}0. Having pointed out the method of obtaining from the table the 
leg. ei any given number, we proceed to show how to find a number 
answering to any given log. 

If the given log. is in the taUe, in which ease the characteristic is 
0, 1, 2, or 3» the corresponding number, the characteristic being less 
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jbxa S, wilt be found oik the same line in the column marked A>>» 
If the characteristic exceed S, the three first figures of the cor- 
responding number will be in the column marked JV^, and the fourth 
in the upper line but one directly oyer tiie giyen log. Thus the 
number belonging to the log. 5,56573 is S679. 

11. If the decimal part of the given log., the characteristic for 
instance being 3, cannot be found in the table, take the two loga- 
rithms, which are next greater and next less, and we shall have tiie 
proportion, as tiie difference of these two logarithms is to the differ- 
ence €i the corresponding numbers, so is the difference between the 
given log. and that which is nearest to it in the table, to the corres- 
ponding numerical difference. This numerical difference being added 
to the number belonging to the above nearest log. or subtracted from 
it, according as the nearest log. is greater or less than the given log., 
we shall obtain the number sought 

The given 1(^. we instance being 3,33441,. the next greater log. 
found in the table is 3,33445, and the next less 3,334£5, the differ- 
ence of which is 0,00020 ; the difference of the corresponding num- 
bers is 1, and the difference between the given log. 3,33441 and the 
on^ in the table nearest to it in value, 3,33445, is 0,00004. Whenco 

0,00020 : 1 : : 0,00004 t 0,2. 
Accordingly, the nearest log. being greater than tiie given log., if we 
subtract 0,2 from the number 2160, belonging to the nearest log.. 
3,93445, we shall have 2159,8 for the number answering to the given 
log. 3,33441. 

12. If the characteristic of (he given log. be more tiian 3, subtract 
from it its excess above 3, and find, by one al the above rules, the 
numb^ answering to the remaisider ; if thiA number be entire, annex 
as many ciphers as there were units subtracted from the character- 
istic ; 'd the number be decimal, remove the decimal point as many 
figures to the right as there were units subtracted from the charac- 
teristic ; the result in each case will be the number answering to the 
given log. 

Let the given 1(^. be 7>56573 ; subtratting 4 from the characteristic 
we have for the remainder 3,56573, the number corresponding to 
which is 3679. Four ciphers being annexed to this gives 36790000^ 
for the number belonging to the log. 7,56573. The reason xs^j be 
briefly shown, thus, 

36790000 = 3679 X 10000, 
If^. 36790000 :*: log. 3679 + log. 1 0000 

n 3^6573 + 4 « 7,56573 
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Let the ^ven log. be 5,33441 ; 2 being subtracted from the char- 
acteristic leaves 3,33441, corresponding to which we have the num- 
ber 2159,8 ; the decimal point being removed two places gives 
215580 for the number answering to the log. 5,33441. 

IS. When the given log. is wholly negative, subtract it from a 
number of units greater than the characteristic, and the number 
answering to this remainder, with as many ciphers prefixed as there 
are units in the characteristic of the given log., will be the decimal 
fraction to which the given log. belongs. 

Let the given log. be — 5,34104; subtracting this from 8 for 
instance, we shall have for a remainder 2,65896, which answer to the 
number 456 ; prefixing 5 ciphers we obtain 0,00000456 as the num- 
ber corresponding to the log. — 5,34104. 
The reason may be shown thus, 

0,00000456 = 456 X 0,00000001 
and log. (456 x 0,00000001) = 2,65896 + log. 0,00000001 

— 2,65896 — 8 
= —5^34104. 

14. If the characteristic only of the given log. be negative, add a 
number of units greater than this characteristic, and the number 
belonging to the log. thus obtained with as many ciphers, wanting one, 
as there are units in the negative characteristic, will be the decimal 
fraction answering to the given log. 

Let fhe given log. be 6,65896. Adding 8 to this, we have for the 
sum 2,65896, to which the corresponding number is 456. Five 
ciphers being prefixed, gives 0,00000456 for the number required, 

appertaining to the log. 6,65896. 

Tlie reason of the above process will appear from what is said 

above; since 2,65896 — 8 becomes 6,65896, instead of — 5,34104, 
when the fractional part is considered as positive, and the charac- 
teristic only is required to be negative. 

15. It will be remarked that where a log. either wholly or in part 
negative is changed to one that is positive by the addition of a larger 
positive characteristic the resulting log. so obtained, may be made to 
have for its characteristic 0, 1, 2, 3, &c. at pleasure, and it is not 
always indifferent which of these be employed. 

If it were proposed, for example, to find the product of 2,745 
multiplied by 20,01, we should take the sum of the log. of these two 
factors, thus, 

log. 2,745 + log. 20,01 =0,43854 + 1,30125 = 1,73979. 
If we seek directly the number to which this log. belongs, we shall 
obtain for the required product 54,92848. But ,the ^rue product is 
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54,9^745. The error, therefore, in this case is 103 hundred thou- 
sandths. If now we add two to the characteristic of the above log., 
we shall find for the corresponding number 5492,750, which, being 
one hundred times too great on account of the above addition, will 
give for the required product 54,92750. The error, therefore, is 
reduced, bj employing a larger characteristic, from 103 hundred 
thousandths to 5 hundred thousandths. By always employing the 
characteristic 3, which need occasion no perplexity, we shall arrive 
at the most correct results of which these tables are susceptible. 
We may always rely upon the exactnesss of the four first figures on 
the left. When this degree of approximation is not sufficient, we 
nust have recourse to more extended tables. 

Of the Table of Log. Sines, Tangents, and Secantsit, 

1. To obtain the logarithmic sine, tangent, or secant corresponding 
to any number of degrees and minutes, find the given degrees at the 
top of the page, except this number fall between 45° and 135°, in 
which case they are to be sought at the bottom, the minutes being 
found in the column marked M, which stands on the side of the page 
on which the degrees are marked. Thus, if the degrees are less than 
45, the minutes are to be found in the left hand column, and it must 
be noted, that if the degrees are found at the top, the names of hour, 
sine, cosine, tangent &c., must also be found at the top. If the 
degrees are found at the bottom, the names, sine, cosine &c. must 
also be found at the bottom. Then opposite to the number of min- 
utes will be found the log. sine, log. secant, &c. in the column 
marked sine, secant, &c. respectively. 

If the log. sine of 28° 37', for example, were required, we should 
find 280 at the top of the page, and directly below it in the left hand 
column 37', against which, in the column marked sine, is 9,68029 the 
log. sought. 

The logarithms secant of 126° 20' being required, we find 126° at 
the bottom of the page, and directly above it in the left hand column 
20', against which, in the column marked secant, is 10,22732 the 
log. sought. 

2. To obtain the log. sine, cosine, &c. for degrees, minutes, and 
seconds, we find the log. corresponding to the even minutes next 



t It will be observed, that if a table of natural sines, cosines, &c., be com- 
puted to a radius of 10000000000, and the logarithms of these numbers be 
calculated like the logarithms of any other numbers, they would form a table 
like that above referred to, in which the log. of radius is 10,00000. i 
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aboTe and below the given degrees and minutes^ and take ibeir dif- 
ference. Then as 1' w 60" is to the given seconds, so is the above 
difference to the log. of the given seconds, which is to be added to 
the log. corresponding to the less number of degrees and minates, or 
subtracted from it, according as this log* is. less or greater than the 
other. 

The log. sine of 24° 16' 48", for example, being required, we take 
the following two logarithms, namely, log. sine of 24° 16' ss 9, 61382, 
and lag. sine of 24^ 17^ « 9, 61411, the dilference t>f which is 
0^00029; whence 

60" : 48^' : : 0,00029 : 0,00023. 
which, added to 9,61382, the log, sine of 24° 16', gives 9,61405 for 
the log. sine of 24*» 16' 48", 

To find the log. secant of 105° 2tf' 16", we take the log« secant of 
105*^ 20' = 10,57768, and the log. secant of 105° 21' s 10,57772, the 
difference of which is 46 ; whence 

60" : 16" II 0,00046 : 0.00012, 
which being subtracted from the log. corresponding to the least num- 
ber of degrees and minutes, (since this is greater than the other) 
^ves 10,5r756 for the log. secant of 105* 20' 16". 

If the given seconds be ^, •}, \, or any other even parts of a minute» 
the like part may be taken of tiie difference of. the logarithms and 
added or subtracted, according to the above rule. This may fre^ 
^uently be done by inspectiwk 

3. To obtain the degrees, minutes, and seconds corresponding to 
«ny given log. sine, cosine, &c. we find the two nearest numbers to 
the given log. sine, cosine, &c., in the column nuirked sine, <5osine, 
•^c, respectively, one being greater and the other less, and take their 
•"difference; we take also the difference between the given log. and 
the log. corresponding to the least number of degrees and minutes. 
Then the first of the above differences, b to the second, as 60" is to 
the number of seconds corresponding to the second difference, which 
4)eing annexed to the smaller number of degrees and minutes, before 
found, will give the quantity sought. 

Thus to find the degrees, minutes, and seconds (less than 90°), 
corresponding to the log. 6ine 9,61405, we take the two nearest log" 
arithms with the corresponding degrees and nunutes, namely. 

Next less log. 9,^1382 £4'' 16' 

Next greater log. 9,61411 24° 17' 

Difierence 0,00029 1^ 

We also take the difference between the given log. and the log. 



VaUt cf Log. SineSf TangtnU and Secants. 15S 

beloBgiiig to the least number of degrees, and minutely namelyy 
0,00023. Then from the proportion 

0,00029 : 0,00023 :: 60'' : 48'' 
we haye 48" as the quantity to be annexed to 24^ 16' to make the 
entire number of degrees &c«, answering to the given log. sine 
9,61405. 

Preceding the table of the logs, of numbers will be found a table 
containing the log. sines, tangents, and secants, to eyerjr point and 
quarter point of the compass. This differs frota the table last 
explained only in having the an^es expressed in points and quarters 
of a point instead of degrees and minutes. 
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Meridional Parts. 



M. jD. 


Leng. 


D. 


Leng. 

421 
431 
441 

451 
461 
471 


D. 

14 

15 


Leng. 


D. 


Leng. 


D. 


Tipng. h), 


Leug. 


» 
D. Leng. 



10 
SO 






10 
20 


7 
8 
9 


848 
859 
869 


21 


1289 
1300 
1311 


28 


1751 
1762 
1774 


35 


2244 
2256 

2269 

• 


42 


2782 
2795 
2809 


30 
40 
50 




SO 
40 
50 


879 
890 
900 




1321 
1832 
1343 


1785 
1797 
1808 


• 


2281 
2293 
2306 




2822 
2836 
2849 



10 
20 


1 


60 
70 
80 


482 
492 
502 


910 
921 
931 


22 


1354 
1364 
1375 


29 


1819 
1831 
1842 


36 


2318 
2330 
2343 


43 
44 


2863 

'2877 

2890 


30 
40 
50 




90 
100 
110 


512 
522 
532 

542 
552 
562 

573 
583 
593 

603 
613 
623 

634 
644 
6^4 


941 

952 
962 




1386 
1397 
1408 


30 


1854 
1865 
1877 




2355 
2368 
2380 


2904 
2918 
2932 



10 
20 


2 


120 
130 
140 


16 
17 


973 
983 
993 


23 


1419 
1429 
1440 


1888 
1900 
1911 


37 


2393 
2405 
2418 


2946 
2960 
2974 


30 
40 
50 




150 
160 
170 




1004 
1014 
1025 




1451 
1462 
1473 




1923 
1935 
1946 




2430 
2443 
2456 




2988 
3002 
3016 




10 
20 


3 


180 
190 
200 


10 


1035 
1046 
1056 


24 


1484 
1495 
1506 


31 


1958 
1970 
1981 


38 


2468 
2481 
2494 


45 


3030 
3044 
3058 


30 
40 
50 

• 




210 
220 
230 




1067 
1077 
1088 




1517 
1528 
1539 




1993 
2005 
2017 




2506 
2519 
2532 




3072 

r3087 

3101 



10 
20 

30 
40 
50 


4 


240 
250 
260 


11 


664 
674 
684 


18 


1098 
1109 
1119 


25 


1550 
1561 
1572 


32 


2028 
2040 
2052 


39 


2545 
2558 
2571 


46 


«S116 
3130 
3144 




270 
280 
290 


695 
705 
715 


19 


1130 
1140 
1151 


1583 
1594 
1605 




2064 
2076 
2088 




2584 
2597 
2610 




3159 
8173 
3188 



10 
20 


5 


300 
310 
320 


12 


725 
735 
746 


1161 

1172 

,1183 


26 


1616 
1628 
1639 


33 


2099 
2111 
2123 


40 


2623 
2636 
2649 


47 


3203 
3217 
3232 


30 
40 
50 




330 
840 
350 


13 


756 
766 
776 

787 
797 
807 


20 


1193 
1204 
1214 




1650 
1661 
1672 




2135 
2147 
2159 




2662 
2675 
2688 




3247 
3262 
3276 



10 
20 


6 


360 
370 
380 


1225 
1236 
1246 


27 


1684 
1695 
1706 


34 


2171 
2184 
2196 


41 


2702 
2715 

2728 


48 


3291 
3306 
3321 


SO 
40 
50 




390 
400 
410 


818 
828 
838 




1257 
1268 
1278 




1717 
1729 
1740 




2208 
2220 
2232 




2741 
2755 
2768 




3337 
SS52 
3367 J 



Meridional Paris. 



M. 


10 
20 


49 


leag. 


D. 


Leng. 


D. 


I^ng. 


D. 


Leng. 


D. 


Leng. 


D.| Leng. 


3382 
3397 
3412 


S6 


4074 
4092 
4110 


63 


4905 
4927 
4949 


70 


5966 
5995 
6025 


77 


7467 
7512 
7557 


84 


10137 
10234 
10334 


30 
40 
50 


10 
20 

30 
40 
50 


10 
20 

30 
40 
50 


10 
20 

30 
40 
50 


10 
20 

30 
40 
50 


10 
20 

30 
40 
50 


10 
20 

30 
40 
50 

4 


50 
51 
52 
53 
54 
S5 


3428 
3443 
3459 




4128 
4146 
4164 




4972 
4994 
5017 




6055 
6085 
6115 




7603 
7650 
7697 




10437 
10543 
10652 


3474 
3490 
3506 


57 


4183 
4201 
4219 


64 


5039 
5062 
5085 


71 


6146 
6177 
6208 


78 


7745 
7793 
7842 


85 


10765 
10881 
11002 


3521 
3537 
3553 




4238 
4257 
4275 




5108 
5132 
5155 




6240 
6271 
6303 




7892 
7942 
7994 




11127 
11257 
11399 


3569 
3585 
3601 


56 


4294 
4313 
4332 


65 


5179 
5202 
5226 


72 


6335 
6367 
6400 


79 


8046 
8099 
8152 


86 


11538 
11679 
11832 


3617 
3633 
3649 




4351 
4370 
4389 




5250 

5275 
5299 




6433 
6467 
6500 




8207 
8262 
8318 




11992 
12160 
12334 

1 


3655 
3681 
3698 


59 


4409 
4429 
4448 


66 


5323 
5348 
5373 


73 


6534 
6569 
6603 


80 


8375 
8433 
8492 


87 


12522 
12719 
12927 


3714 
3731 
3747 




4468 
4488 
4507 




5398 
5423 
5448 


74 


6638 
6674 
6710 




8552 
8614 
8676 




13149 
13387 
13641 


3764 
3780 
3797 


60 


4527 
4547 
4568 


67 


5474 
5500 
5526 


6746 
6782 
6819 


81 


8739 
8803 
8869 


88 


13917 
14216 
14543 


8814 
3831 
3848 




4588 
4608 
4629 




5552 
5578 
5604 


75 


6856 
6894 
6932 




8936 
9004 
9074 




14906 
15311 
15770 


3865 
3882 
3899 


61 


4649 
4670 
4691 


68 


5631 
5658 
5685 


6970 
7009 
7048 


82 


9145 
9218 
9292 


89 


16300 
16926 
17694 


3916 
3933 
3950 




4712 
4733 
4754 


5712 
5739 
5767 




7088 
7128 
7169 


9368 
9446 
9525 




18682 
20075 
22458 


3967 
3985 
4003 


62 


4775 
4796 
4818 


69 


5794 
5822 
5851 


76 


7210 
7251 
7293 


83 


9606 
9689 
9774 


90 


Infinite. 

1 


4021 
4038 
4056 




4839 
4861 
4883 




5879 
5908 
5937 




7336 
7379 
7423 




9861 

9951 

10043 




" 



Astronomical Refractions, when the barometer is at 30,0 English 
inches, and Fahrenheit's thermometer at 55^, or when the barome- 
ter is at 29 A and Fahrenheit's Thermometer at 50^ 




Q 

90 
B9 

88 
B7 
36 



83 

82 

81 

180 



6 



00 
10 
20 
30 
40 







// 

0.0 
1.0 
2.0 
3.0 
4,0 
6.0 



74 
73 
72180 



79 
78 
77 
76 
76 



71 



69 



67 
66 



65 



63 
62 
61 



60 
70 
80 
90 
100 



11 



120 
130 



14 
15 



160 
17 



190 



70200 



21 



23 
24 
25 



27 

28 
290 



6.1 
7.1 
8.1 
9.2 
10.2 












11.2 
12.3 
13.3 
14.4 
16.4 



16.6 
17.6 
18.7 
19.8 
20.9 



22.0 

^81220 23.2 

24.3 

25.5 

26.7 



64260 28.0 
29.2 
30.6 
31.8 

6030!0 33.1 



11 



II 



// 

0.0 
0.0 
0.1 
0.1 
0.1 
0J2 



0.2 
0.2 
0.2 
0.3 
0.3 



0.3 
0.4 
0.4 
0.4 
0.6 



0.8 
0.9 
0.9 
1.0 
1.0 



>fN 



0.0 
0.0 
0.1 
0.1 
0.2 
0.2 



0.2 
0.3 
0.3 
0.4 
0.4 



0.6 
0.6 
0.6 
0.6 
0.7 



0.7 
0.8 
0.8 
0.9 
0.9 



1.0 
1.0 
1.1 
1.2 
li2 



1.3 
1.3 
1.4 
1.4 
1.5 



4 

a 

< 



69 
58 
57 



5634 



55 



49.8 
420 61.6 
430 63.4 
46440 66.3 
46460 67.3 



54360 41.7 
63 37 43.3 
52380 44.9 
51390 46.5 
504QQ 48.1 



49 

48 
47 



44 
43 
42 
41 
40 



39 
38 
37 
36 
35 



34 
33 
32 
31 

30 



31 
32 
33 







// 



60300 33.1 



35 



41 



47 
48 
49 
50 



61 
52 
53 

54 
56 



56 
57 

58 
59 
60 



34.4 
35.8 
37.2 
38.7 
40iS 



46{0 69.3 
1 1.4 
1 3.6 
1 6.9 
1 8J2 



10.6 
13.2 
15.9 
18.7 
21.6 



24.7 
28.0 
31.5 
35.2 
39.0 




1.0 
1.0 
1.1 
1.1 
1.2 
1J2 



1.2 
1.3 
1.3 
1.4 
1.4 



1.6 
1.5 
1.6 
1.6 
1.7 



1.8 
1.9 
2.0 
2.0 
2.1 



2.2 
2.3 
2.3 
2.4 
2.6 



2.6 
2.6 

2.7 
2.8 
2.9 



// 

1.5 
1.6 
1.6 
1.7 
1.7 
1.8 



1.9 
2.0 
2.0 
2.1 
2.2 



2.2 
2.3 
2.4 
2.6 
2.6 



2.7 
2.8 
2.9 
3.0 
3.1 



3.2 
3.4 
3.6 

3.7 

3.8 



3.9 
4.1 
4.2 
4.3 
4.6 




30 



29 61 



28 
27 
26 
25 



2466 



23 



22 68 
2169 
20 70 



19 
18 
17 
16 
16 



14 
13 
12 



10 



6 
6 



60 



62 
63 
64 
66 



67 



71 
72 
73 
74 
76 



76 

77 
78 



1179 



80 



81 

82 
7 83 



84 
86 




1 
1 
1 
1 
1 
2 



39.0 
43.2 
47.6 
62.8 
67.2 
2.4 



2 8.0 
2 14i2 
2 20.9 
2 28.3 
2 36.3 



2 
2 
3 
3 
3 



45.1 
64.7 
5.6 
17.6 
31.0 



3 46.4 

4 3.8 
4 24.0 
4 46.6 
6 16.6 



5 49.0 

6 29.7 

7 20.3 

8 24.7 

9 48.8 



86 

87 
88 
89 
90 



11 41.8 
14 18.4 
18 1.3 
23 21.4 
30 60.8 



ff 

2.9 
3.0 
8.1 
3.2 
8.4 
3.6 



3.7 

4.0 
4.2 
4.4 
4.7 



6.0 
6.3 
6.6 
6.9 
6.3 



6.8 
7.3 
7.9 
8.6 
9.4 



10.4 
11.6 
13.1 
16.0 
17.6 



56.0 



// 

4.6 
4.7 
4.9 
5.1 
6.3 
6.6 



5.9 
6.3 
6.6 
6.9 

7.3 



7.7 
8.2 
8.7 
9.3 
9.9 



10.6 
11.5 
12.6 
13.7 
14.i» 



16.5 
18.5 
21.3 
24.9 
296 



129.2 



r 



OF NATURAL SINKS. 



1 

1 M. 


0^ 


j lo j 2° 


30 1 


40 


1 I 


N.siiie.\N. COS. N.sine. 


jN. COS. 
' 99985 


|N.8Uie.,N. COS. 


N.suie. 


N. COS. 


N.siiie. N. COS. 




' 


1 


00000 


100000 


01745 


1 03490 


99939 


05234 


99863 


06976 


99156 


60 




1 


00029 


lOOOOO 


01774J 99984 


03619 


99938 


05263 


99861 


07005 


99754 


69 




2 


00058 


100000 


01803 


99984 


03648 


99937 


05292 


99860 


07034 


99752 


68 




3 


00087 


100000 


01832 


99983 


03677 


99936 


05321 


99858 


07063 


99750 


67 


} 


4 


00116 


100000 


01862 


99983 


03606 


9993^ 


05360 


99857 


07092 


99748 


66 




5 


00145 


100000 


01891 


99982 


03636 


9993^ 


05379 


99855 


07121 


99746 


66 




6 


00175 


100000 


01920 


99982 


03664 


99933 


05408 


99854 


07150 


99744 


64 




7 


00204 


100000 


01949 


99981 


03693 


99932 


05437 


99852 


07179 


99742 


63 


8 


00233 


100000 


01978 


99980 


03723 


99931 


06466 


99861 


07208 


99740 


62 




9 


00262 


100000 


02007 


99980 


03752 


99930 


06496 


99849 


07237 


99738 


61 




10 


00291 


100000 


02036 


99979 


03781 


99929 


06624 


99847 


07266 


99736 


50 




11 


00320 


99999 


02065 


99979 


03810 


99927 


06653 


99846 


07295 


99734 


49 




12 


00349 
00378 


99999 


02094 


99978 


03839 


99926 


05682 


99844 


07324 
07353 


99731 


48 




33 


99991) 


02123 


991i77 


03868 


, 99925 


05611 


99842 


99729 


47 


14 


00407 


99999 


02152 


99977 


03S97 


99924 


05640 


99841 


07382 


99727 


46 




15 


00436 


99999 


02181 


99976 


03926 


99923 


05669 


99839 


07111 


99725 


45 




16 


00465 


99999 


02211 


99976 


03955 


99922 


05698 


998.SC 


01 uo 


99723 


44 




17 


00495 


99999 


02240 


99975 


03984 


99921 


05727 


99836 


07469 


99721 


43 




18 


00524 


99999 


02269 


99974 


04013 


99919 


05756 


99834 


07498 


99719 


42 




19 


00553 


99998 


02298 


99974 


04042 


99918 


05785 


998;j3 


07627 


99716 


41 


20 


00582 


99990 


02327 


99973 


04071 


99917 


05814 


99831 


07556 


99714 


40 




21 


00611 


99998 


02356 


99972 


04100 


99916 


05844 


99829 


07585 


99712 


39 




22 


00640 


99998 


02385 


99972 


04129 


99915 


0587a 


99827 


07614 


99710 


38 




23 


00669 


99998 


02414 


99971 


04169 


99913 


05902 


99826 


07643 


99708 


37 




24 


00698 


99998 


02443 


99970 


04188 


99912 


06931 


99824 


07672 


99706 


36 




25 


00727 


99997 


02472 


99969 


04217 


99911 


05960 


99822 


07701 


99703 


36 


26 


00756 


99997 


02501 


99969 


04246 


99910 


05989 


99821 


07730 


99701 


34 




27 


00785 


99997 


02530 


99968 


04275 


99909 


06018 


99819 


07769 


99699 


33 


1 


28 


00814 


99997 


02560 


99967 


04304 


99907 


06047 


99817 


07788 


99696 


32 


1 


29 


00844 


99996 


02589 


99966 


04333 


99906 


06076 


99815 


07817 


99694 


31 




30 


00873 


99996 


02618 


99966 


04362 


99906 


06105 


99813 


07846 


99692 


30 




31 


00902 


99996 


02647 


99965 


04391 


99904 


06134 


99312 


07875 


99689 


29 


32 


00931 


99996 


02676 


99964 


04420 


99902 


06163 


99810 


07904 99687 


28 




33 


00960 


99995 


02706 


99963 


04449 


99901 


06192 


99808 


07933 


99636 


27 




34 


00989 


99996 


02734 


99963 


04478 


99900 


06221 


99806 


07962 


99683 


26 




35 


01018 


99995 


02763 


99962 


04507 


99898 


06250 


99804 


07991 


99680 


25 




36 


01047 


99995 
99994 


02792 


99961 


01536 


99897 


06279 


99803 


08020 


99678 


24 




37 


01076 


02821 


99960 


04665 


99896 


06308 


99801 


08049 


99676 


23 


38 


01105 


99994 


02850 


99959 


04594 


99894 


06337 


99799 


08078 


99673 


22 




39 


01134 


99994 


02879 


99969 


04623 


99893 


06366 


99797 


08107 


99671 


21 




40 


01164 


99993 


02908 


99958 


04653 


99892 


06396 


99795 


08136 


99668 


20 




41 


01193 


99993 


02938 


99957 


04682 


99890 


06424 


99793 


08166 


99666 


19 




42 


01222 


99993 


02967 


99956 


04711 


99889 


06453 


99792 


08194 


99664 


18 




43 


01251 


99992 


02996 


99956 


04740 


99888 


06482 


99790 


08223 


99661 


17 


44 


01280 


99992 


03025 


99964 


04769 


99886 


06511 


99788 


08262 


99659 


16 




45 


01309 


99991 


03054 


99963 


04798 


99885 


06540 


99786 


08281 


99657 


16 




46 


01338 


99991 


03083 


99962 


04827 


99883 


06569 


99784 


08310 


99654 


H 




47 


01367 


99991 


03112 


99962 


04856 


99882 


06598 


99782 


08339 


99652 


13. 




48 


01396 


99990 


03141 


99961 


04886 


99881 


06627 


99780 
99778 


08368 


99649 


12. 


. 


49 


01425 


99990 


03170 


99950 


04914 


99879 


06656 


08397 


99647 


11 


60 


01454 


99989 


03199 


99949 


04943 


99S78 


06685 


99776 


0C426 


99644 


10 


-. 


51 


01483 


99989 


03228 


99948 


04972 


99876 


06714 


99774 


08456 


99642 


9 




62 


01513 


99989 


03257 


99947 


05001 


99876 


06743 


99772 


08484 


99639 


8 




63 


01542 


99988 


03286 


99946 


05030 


99873 


06773 


99770 


08613 


99637 


7 




64 


01571 


99988 


03316 


99945 


05069 


99872 


06802 99768 


08642 


99635 


6 




bb 


01600 


99987 


03345 


99944 


00088 


99870 


06831 


99766 


08571 


99632 


6 


66 


01629 


99987 


03374 


99943 


.05117 


99869 


06860 


99764 


08600 


9:^30 


4 




67 


01658 


99986 


03403 


99942 


05146 


99867 


06889 


99762 


08629 


99627 


3 




58 


01687 


99986 


03432 


99941 


05175 


99C66 


06918 


99760 


08668 


99626 


2 




59 


01716 


99985 


03'1«1 


99940 


05205 


99864 


06947 


997.38 


08687 


99622 


1 




60 




01746 


99985 


03490 


99939 05234 


99863 


06976 


99756 


08716 


99619 









N. cos4 


lN.siiic. 


iS. COS. 


IS .sine. N. cos.j 


N.sine. 


^. COS. 


N.sine. 


N. COS. 


N.sine. 


M. 


1 


89^ i {J3^ 1 87^" \ 


86"^ } 


SS'-^ 


t 



OF NATURAL SINKS. 





6° I 60 1 70 I 8® 1 


9» 1 




M. 


N.8ine. 


N. COS. 


N-sine. 


N. COS. 


N.siiie. 


N. COS. N.sine. 


N. cos. 


N.sine. N. cos. 




i 





08716 


99619 


10463 


99462 


12187 


99265 13917 


99027 


16643 98769 


60 




1 


08745 


99617 


10482 


99449 


12216 


99261 


13946 


99023 


16672 


98764 


69 




2 


08774 


99614 


10611 


99446 


12245 


99248 


13975 


99019 


1570L 


98760 


58 




S 


08803 


99612 


10540 


99443 


12274 


99244 


14004 


99015 


15730 


98755 


67 




4 


08831 


99609 


10669 


99440 


12302 


99240 


14033 


99011 


16758 


98761 


56 




S 


08860 


99607 


10697 


99437 


12331 


99237 


14061 


99006 


16787 


98746 


55 




6 


08889 


99604 


10626 


99434 


12360 


99233 


14090 


9p003 


16816 


98741 


54 


7 


08918 


99602 


10666 


99431 


12389 


99230 


14119 


98998 


16846 


98737 


53 




8 


08947 


99599 


10684 


9942ff 


12418 


99226 


14148 


98994 


15873 


98732 


52 




9 


08976 


99696 


10713 


99424 


12447 


99222 


14177 


98990 


15902 


98728 


51 , 




10 


09005 


99694 


10742 


99421 


12476 


99219 


14206 


98986 


16931 


98723 


50 




11 


09034 


99691 


10771 


99418 


12504 


99216 


14234 


98982 


15959 


98718 


49 




12 


09063 


99688 


10800 


99416 


12633 


99211 


14263 


98978 


15988 


98714 


48 


13 


09092 


99586 


10829 


99412 


12662 


99208 


14292 


98973 


16017 


9870S 


47 




14 


09121 


99683 


10858 


99409 


12691 


99204 


14320 


98969 


16046 


98704 


46 




15 


09160 


99680 


10887 


99406 


12620 


99200 


14349 


989G5 


16074 


987O0 


45 




16 


09179 


99578 


10916 


99402 


12649 


99197 


14378 


98961 


16103 


9869S 


44 




17 


09208 


99576 


10945 


99399 


12678 


99193 


14407 


98957 


16132 


98690 


48 




18 


09237 


99672 


10973 


99396 


12706 


99189 


14436 


98953 


16160 


98686 


42 


19 


09266 


99570 


11002 


99393 


12736 


99186 


14464 


98948 


16189 


98681 


41 




20 


09296 


99567 


11031 


99390 


12764 


99182 


14493 


98944 


16218 


98676 


40 




21 


09324 


99564 


11060 


99386 


12793 


99178 


14522 


98940 


16246 


98671 


39 




22 


09353 


99662 


11089 


99383 


12822 


99176 


14561 


98936 


16276 


98667 


38 




23 


09382 


99569 


11118 


99380 


12851 


99171 


14580 


98931 


16304 


98662 


37 




24 


09411 


99666 


11147 


99377 


12380 


99167 


14608 


98927 


16333 


98667 


36 


25 


09440 


99553 


11176 


99374 


12908 


99163 


14637 


98923 


16361 


98652 


35 




26 


09469 


99661 


11206 


99370 


12937} 99160 


14666 


98919 


16390 


98648 


34 




27 


09498 


99648 


11234 


99367 


12966 


99166 


14696 


98914 


16419 


98643 


33 




28 


09627 


99646 


11263 


99364 


12996 


99152 


14723 


98910 


16447 


98638 


32 




29 


09556 


99642 


11291 


99360 


13024 


99148 


14762 


98906 


16476 


98633 


31 




30 


09585 


99640 


11320 


99357 


13063 


99144 


14781 


98902 


16506 


98629 


30 


31 


09614 


99537 


11349 


99364 


13081 


99141 


14810 


98897 


16533 


98624 


29 




32 


09642 


99534 


11378 


99361 


13110 


99137 14838 


98893 


16562 


98619 


28 




33 


09671 


99631 


11407 


99347 


13139 


99133 


14867 


98889 


16691 


, 98614 


27 


1 


34 


09700 


99628 


11436 


99344 


13168 


99129 


14896 


98884 


16620 


98609 


26 




35 


09729 


99626 


11466 


99341 


13197 


99125 


14926 


98380 


16648 


98604 


26 




36 


09758 


99623 


11494 


99337 


13226 


99122 


14964 


98876 


16677 


98600 


24 


37 


09787 


99620 


11523 


99334 


13264 


99118 


14982 


98871 


16706 


98696 


23 




38 


09816 


99617 


11552 


99331 


13283 


99114 


16011 


98867 


16734 


98590 


22 




39 


09846 


99514 


11680 


99327 


13312 


99110 


15040 


98863 


16763 


98586 


 21 




40 


09874 


99611 


11609 


99324 


13341 


99106 


15069 


98858 


. 16792 


98580 


20 




41 


09903 


99608 


11638 


99320 


13370 


99102 


15097 


98854 


16820 


98575 


19 




42 


09932 


99506 


11667 


99317 


13399 


99098 


16126 


98349 


16849 


. 98570 


j 18 


43 


09961 


99503 


11696 


99314 


13427 


99094 


15155 


98846 


16878 


98565 


17 




44 


09990 


99500 


11725 


99310 


13466 


99091 


15184 


98841 


16906 


98661 


16 




45 


10019 


99497 


11754 


99307 


13486 


99087 


16212 


98836 


16935 


98556 


15 




46 


10048 


99494 


11783 


99303 


13514 


99083 


15241 


98832 


16964 


98651 


14 


47 


10077 


99491 


11812 


99300 


13643 


99079 


15270 


98827 


16992 


98646 


13 




48 


10106 


99488 


11840 


99297 


13672 


99076 


15299 


98823 


17021 


98541 


12 


49 


10135 


99485 


11869 


99293 


13600 


99071 


15327 


98818 


17050 


98536 


11 




50 


10164 


99482 


11898 


99290 


13629 


99067 


15366 


98S14 


17078 


98531 


10 




51 


10192 


99479 


11927 


99286 


13668 


99063 


15385 


98809 


17107 


98526 


9 




52 


10221 


99476 


11956 


99283 


13687 


99069 


15414 


98805 


17136 


98621 


8 




53 


10260 


99473 


11985 


99279 


13716 


99055 


15442 


98800 


17164 


98516 


7 




54 


10279 


99470 


12014 


99276 


13744 


99051 


15471 


98796 


17193 


98511 


6 


65 


10308 


99467 


12043 


99272 


13773 


99047 


15500 


98791 


17222 


98506 


5 




66 


10337 


99464 


12071 


99269 


13802 


9904S 


15529 


98787 


17250 


98501 


4 




67 


10366 


99461 


12100 


99266 


13831 


99039 


15567 


98782 


17279 


98496 


3 




58 


10395 


99458 


12129 


99262 


13860 


99035 


15686 


98778 


17308 


98491 


2 




59 


10424 


99455 


12158 


99268 


13889 


99031 


16615 


98773 


17336 


98486 


1 




60 


10453 


99452 12187 


99255 


13917 


99027 


15643 


98769 


17365 


98481 









N. COS. 


^f.sine. N. cos. N.sihe.| 


N. COS. 


N.8ine.lN. cos. 


N.sine. 


N. cos. 


N.sme. M. > 


. 1 


840 1 83° 1 820 j 8I0 1 


BQP I « 











or K&TOaAL liNKB. 














100 _ „o 1 „o , ,3, 1 J^^ 


1 




M. 


r^.,i„e.N.rt.. 


N . sine N. c<«.,N.sine.|N. coi. 


»,^n« 


ti. cn>, Nj|ne.|N. en.. 








17366 


9Mtl 


19UUI 


98163 


107911 97815 


13495 


97437 


14191 


97I);H) 


60 




17393 


98476 


19109 


9B157 


20820 


97809 


12523 


974^0 




9702S 


59 






1712! 


98171 


19138 






97803 


33552 


97414 




97016 








17451 


98466 




98146 


20877 


97797 


23680 


97417 




97008 


67 






17479 


98461 


[9196 


98140 


20905 


97791 


11608 


97411 






56 






175011 


98i55 


19224 


98135 


20933 


9na4 


31637 


97404 




96994 








17637 


9S460 


19252 


98119 


£0961 


97778 


22665 


97398 


24361 


96987 


63 






17565 


98446 


19231 


98124 


10990 


97772 


22693 


97391 


■24390i"9fi980 




17594 


91)440 


19309 




21019 


97766 


22713 


97384 


S44I8I 96973 


62 






176S3 


98435 




98112 


11047 


97760 


SS750 


97378 


24446 


96966 


51 




10 


17651 


9813U 


19366 


98107 


2I07G 


97754 


22778 


97371 


S+474 


96959 


60 




11 


I76S0 


9B425 


19395 


98101 


11104 


97748 


22807 


97365 


24603 


9695! 


49 




tt 






19423 


98096 




97741 


23835 


97358 


31831 


96944 


18 




u 




98414 


19453 


9B090 


"iTifiT 


97735 


33863 


97351 


"14669 


96937 


47 


u 


17766 


9S409 


19481 


98084 


21139 


97729 


22892 


973+5 


24687 


96930 


46 




u 


17794 




I96D9 


98079 


21118 


97723 


12920 


97338 


14GIS 


96923 


45 




16 


naas 


98399 


19538 


98073 


11146 




33948 


97331 


34644 


96916 


44 




17 


178Gi 


9E394 


19366 


98067 


21175 


97711 


11977 


97325 


11671 


96909 


43 




18 


178B0 


98389 


19595 


9806! 


11303 


97705 


23005 


97318 


24700 


96903 


43 




19 


17903 


98383 


19623 


98056 


21331 


97698 


23033 


'97311 


24728 


9689; 


41 


!0 


17937 


98378 


19652 


98050 


21360 


97692 


13062 


97304 


24756 




40 




» 


J7366 


98373 


19680 


98044 


11388 


976B6 


23090 


97298 


24784 


9e88( 


39 




ss 


1799i 




19709 


98039 


11417 


97680 


13118 


97391 


24813 


96873 






33 


1G023 


98362 


19737 


98033 


11445 




13146 


97284 


34841 


96866 


37 




!4_^ 


18052 


98357 


19766 


98027 


2H74 


97667 


23175 


97278 


24869 


96858 


36 




2fi 


IBOBl 


98352 


19794 






97661 


"13103 


97271 


"ii^ 


96BGI 




K 


1810» 


98347 


19813 


98016 


11530 


97655 


23131 


97364 


34925 


96844 


34 




n 


18138 


98341 


19851 


98010 


21559 


97648 


23160 


97257 


14954 


96837 


33 




IS 


18166 




19880 


93004 


11587 


97642 


33188 


97161 


14982 


96819 


32 




19 


18195 


98331 


19908 


97996 


21616 


97636 


23316 


97244 


25010 


96822 






30 


18224 


98325 


19937 


97992 




97630 


33345. 


97137 


25098 


96815 


30 






1S25S 


98320 


19965 


97987 


21672 




23373 




25066 




29 


31 


18SE1 


98315 


19994 


97981 


21701 


97617 


23401 


97223 


2609+ 


96800 


38 




33 


18309 


9B310 


20022 


9797S 


21729 


97611 


23429 


97217 


25122 


96793 


27 




3* 


18338 


93304 


20051 


97969 


21758 


97604 


23458 


97110 


S5161 


96786 


26 




35 


18367 


93299 


20079 


97963 


21786 


97598 


13486 


07303 


25179 


96778 


35 




36 


18395 


98194 


lOlOB 


97958 


31314 


97592 


33514 


97196 


S5207 


96771 


24 




37 


1842' 


98288 


2013b 




21843 


97385 


23&41 


97189 


25133 


96764 


23 


13 




98183 


10165 


97946 


11871 


97579 


23571 


97182 


25263 


96766 


23 






1348 1 


98277 


10193 


97940 


11899 


97573 


23599 




2529 


96749 






40 


18S09 


98272 


20221 


97934 


21928 


975Gb 


23G37 


97169 


25330 


96712 


20 




*1 


I8S3B 


982G7 


20290 


97928 


2195G 


97560 


13656 


97102 


15348 


96734 






42 


18667 


982GI 


20179 


97922 


21985 


97553 


13684 


97155 


25376 


96787 






43 


18695 


98256 


20307 


97916 


22013 


97647 


23712 


97148 


25404 


96719 




44 


18G24 




10336 


97910 


22041 


97541 


13740 


97141 


25433 


96711 






45 


18662 


9S24S 


10364 


97905 


22070 


97534 


13769 


97134 


25460 


96705 






4fi 


18681 


98140 


20393 


97899 


12098 


97518 


23797 


97117 


25438 


96697 






47 


13710 


9883+ 


10411 


97893 


11116 


97521 


23825 


9712( 


25616 


96690 






43 


18738 


98229 


S0450 


97887 


22155 


97515 


23BS3 




15545 


9668 






IT 


18767 


98223 


2047B 


"97881 




97501 


23E82 


97106 


"25573 


96675 




so 


18796 


98218 


20507 


97875 


22212 




13910 




2560 


96667 






51 


18824 


9821! 


20535 


97869 


12140 


97496 


23938 


9709; 


15629 


96660 






S2 


18852 




20663 


97863 


23268 


97489 


13966 


97086 


25657 


9665 






53 


1888 


9B30 


10592 


97857 


21397 


97483 


2399^ 


9707! 


15685 


9G6« 








18910 


98196 


10620 


97351 


11325 


97476 


14023 




25713 


9663 






"es" 


ia93a 


98190 


20649 


9784, 


21353 


97470 


2405 


97065 


2674 


9663 




±G 


189S7 


98185 


10677 




21381 


9746; 




97058 


15769 


9662 






57 


18995 


98179 


20706 




21410 




2410 


9705 


2579S 


9661 








19024 


98174 


20734 


97827 


22438 


97450 


24136 


97044 


25826 


9660 






59 


19052 


98168 


207S3 


9782 


11467 


97444 


2416 


97037 


25854 


966011 






GO 


1903 


981 63 


2079 


97315 


22495 


97437 




97030 


2688S 


9669 


» 






N. COS 


N.»ine 


N. cos 


NlS^ 


N. COS 


W.sine 


N. C03.iiS.5ine.lN. CO! 


W.aine 


t M. 




79° \ 78^ 1 17- 1 -ib- 1 75° 


1 


. 



M. 



I 



150 



OF matUAAL SINES- 





1 

5 
3 
4 

6 



7 

8 

9 

10 

H 

n 

13 
U 
16 
16 
17 
18 



19 
20 
21 

52 
23 
24 



25 
26 
27 
28 
29 
30 



31 
32 
33 
34 
i5 
36 



37 

38 
39 
40 
41 
42 

43 
44 
45 
46 
47 
48 



49 
50 
51 
62 
63 
64 



56 

66 
67 
58 
69 
GO 



N.sine. 



25882 



N. COS. 



i 



16° 



I 



170 



I 



ISP 



9cJM3t 27564 96126 29237 



25910 96585 

25938 96578 

25966 96570 

25994 96562 

26022 96555 

26050 96547 



26079 
26107 
26135 
26163 
26191 
26219 



26247 
26275 
26303 
26S31 
26359 
26387 



26415 
26443 
26471 
26500 
26528 
26556 



26584 
26612 
2G640 
26668 
26696 
26724 



26752 
26780 
26808 
26836 
26864 
26892 



26920 
26948 
26976 
27004 
27032 
27060 



27088 
27116 
27144 
27172 
27200 
27228 



27266 
27284 
27312 
27340 
27368 
27396 



27424 
27452 
27480 
27508 
27536 
27564 



N. COS. 



N.fline 



27592 
27620 
276*18 
27676 
27704 
27731 



27759 
27787 



96540 
96532 
965241 27815 
96517 27843 
965091 27871 
96502i 27899 



96494' 27927 
96486, 27955 



96479 
96471 
96463 
96456 



96448 

964401 

96433 

96425 

96417 

96410 



96402 

963941 

96386 

96379 

96371 

963631 



27983 
28011 
28039 
28067 



28095 
28123 
28150 
28178 
28206 
28234 



N. cQ^.aine 



96118 



96H0 29293 



96102 



96094 29348 



96086 
96078 



96070 



96062 29460 



96054 
96046 
96037 
96029 



96021 
96013 
96005 
95997 
95989 
95981 



28262 



28290 95916 



28318 
28346 
28374 
28402 



96355 28429 



96347 
96340 
96332 
96324 
96316 



96308 
96301 
96293 
96285 
96277 
96269 



96261 
96253 
96216 
96238 
96230 
96222 



96214 
96206 
96198 
96190 
96182 
96174 



96166 
96158 
96150 
96142 
96134 
96126 



N.sine 



28457 
28485 
28513 
28541 
28669 



28697 
28625 
28652 
28680 
28708 
28736 



28764 
28792 
28820 
28847 
28875 
28903 



28931 
28959 
28987 
29015 
29042 
29070 



29098 
29126 
29154 
29182 
29209 
29237 



N. cos 



95972 
95964 
95956 
95948 
95940 
95931 



95923 



959071 
95898 
95890 
9588S 



968741 

95865 

95857 

95849 

95841 

95832 



96824 
95816 
95807 
95799 
95791 
95782 



95774 
95766 
95757 
96749 
95740 
96732 



96724 
95715 
95707 
95698 
95690 
956 81 

"95673 
95664 
95656 
95647 
95639 
95630 



29265 



29321 



29376 
294^4 



29432 



29487 
29515 
29643 
29571 



29599 
29626 
29654 
29682 
29710 
29737 



29765 
29793 
29821 
29849 
29876 
29904 



29932 
29960 
29987 
30015 
30043 
30071 



N. cos.vN^ine. N. cos. N.«ine. N. cos. 



95630 30902 95106 32557 94662 



95622 30929 
96613 30957 
95605 30985 



95596 
95588 
96579 



95571 
95562 
95554 
96545 
95536 
95528 



95619 
95511 
95502 
95493 
95485 
95476 



96467 
95469 
95450 
95441 
95433 
95424 



96415 
96407 
95398 
j 95389 
95300 
95372 



30098 
30126 
30164 
30182 
30209 
30237 



30265 
30292 
30320 
30348 
30376 
30403 



30431 
30459 
30486 
30514 
30542 
30570 



N.sine. 



30597 
30625 
30653 
30680 
30708 
30736 



30763 
30791 
30819 
30846 
30874 
30902 



N. cos. 



95363 
953.54 
95345 
95337 
95328 
95319 



95310 
96301 
95293 
95284 
95275 
95266 



96257 
96248 
95240 
95231 
95222 
95213 



95204 
95195 
95186 
95177 
96168 
95159 



95150 
95142 
95133 
95124 
95116 
95106 



3 
3 
3 



95097 32684 94542 

95088 32612 94533 

95079 32639 94623 

012 96070 32667 94614 

040 95061 

068 



095 
123 



151 95024 



178 
206 
233 



261 
289 
316 
344 
372 
399 



427 
454 
482 
510 
537 
565 



593 
620 
648 
675 
703 
730 



768 
786 
813 
841 
868 
896 



923 
951 
979 



32006 
32034 
32061 



32089 
32116 
32144 
32171 
32199 
32227 



32264 
32282 
32309 
32337 
32364 
32392 



32419 
32447 
32474 
32502 
32529 
32657 



95052 32722 94495 



95043 
96033 



95015 
95006 
94997 



94988 
94979 
94970 
94961 
94952 
94943 



94933 
94924 
94915 
94906 
94897 
94888 



94878 
94869 
94860 
94851 
94842 
94832 



94823 
94814 
94805 
94796 
94786 
94777 



94768 
94768 
94749 
94740 
94730 
94721 



94712 
94702 
94693 
94684 
94674 
94665 



94666 
94646 
94637 
94627 
94618 
94609 



94599 
94590 
94680 
94571 
94561 
94552 



N.sine. N. cos.|N.sine. N. cos {rM. sine. I M. 



32094 94504 



32749 94486 



32777 
32804 

3283!^ 
32859 
32887 



32914 
32942 
32969 
32997 
33024 
33051 



33079 

33106 

331341 

33161 

33189 

33216 



332441 

33271 

33298 

33326 

33363 

33381 



33408 
33^36 
33463 
33490 
33518 
33645 



33573 
33600 
33627 
33666 
33682 
33710 



33737 
33764 
33792 
33819 
33846 
33874 



33901 
33929 
33956 
33983 
34011 
3^i038 



34065 
34093 
34120 
34147 
34175 
34202 



94476 
94466 
94467 
9^1447 
94438 



94428 
94418 
94409 
94399 
94390 
94330 



94370 
94361 
94351 
94342 
94332 
94322 



94313 
94303 
94293 
94284 
94274 
94264 



94264 
94246 
94236 
94226 
94216 
94206 



94196 
94186 
94176 
94167 
94157 
94147 



94137 
94127 
94118 
94108 
94098 
94088 



94078 
94068 
94068 
94049 
94039 
94029 



94019 
94009 
93:^99 
93989 
93979 
M3969 



60 
69 
68 
57 
&6 
■55 
64 



63 

62 
61 
60 
49 
48 



47 
46 
45 
44 
43 
42 



41 
40 
39 
38 
37 
36 



36 
34 
33 
32 
31 
30 



29 
28 
27 
26 

26 
24 



23 
22 
21 
20 
19 
18 



17 
16 
16 
14 
13 
12 



11 
10 

9 
8 
7 
6 



5 

4 

3 



1 





74' 



I 



730 



720 



7IO 



I 



70^ 



L^ 



OF NATURAL BINES. 





20^ 


1 21° 22° 1 


23° 1 240 


1 


M. 


N.sine. 


N. COS. 


N.sine. 


N. COS. 


N.sme. 


N. COS. 


N.s!ne. 


N. cos.jN.sine. 


N.COS, 






( 


34202 


93969 


35837 


93368 


37461 


92718 


39073 


92050 


40674 


91355 


60 


1 


34229 


93959 


35864 


93348 


37488 


92707 


39100 


92039 


40700 


91343 


69 




2 


34257 


93949 


35891 


93337 


37516 


92697 


39127 


92028 


40727 


91331 


68 




3 


34284 


93939 


35918 


93327 


37542 


92686 


39153 


92016 


40753 


91319 


67 




4 


34311 


93929 


35945 


93316 


37569 


92675 


39180 


92005 


40780 


91307 


66 




6 


34339 


93919 


35973 


93306 


37596 


92664 


39207 


91994 


40806 


91295 


65 




6 


34366 


93909 


36000 


93295 


37622 


92653 


39234 


91982 


40833 


91283 


64 




7 


34393 


, 93899 


36027 


93285 


37649 


92642 


39260 


91971 


'40860 


91272 


63 


8 


34421 


93889 


36064 


93274 


37676 


92631 


39287 


91959 


,40886 


91260 


62 




9 


34448 


93879 


36081 


93264 


37703 


92620 


39314 


91948 


40913 


91248 


61 




to 


34476 


93869 


36108 


93263 


37730 


92609 


39341 


91936 


40939 


91236 


60 




11 


34503 


93859 


36135 


93243 


37757 


92598 


39367 


91925 


40966 


91224 


49 




12 


34630 


93849 


36162 


93232 


37784 


92687 


39394 


91914 


40992 


91212 


48 




13 


34667 


93839 


36190 


93222 


37811 


92576 


39421 


91902 


41019 


91200 


47 


14 


34684 


93829 


36217 


93211 


37838 


92565 


39448 


91891 


41045 


91188 


46 




15' 


34612 


93819 


36244 


93201 


37866 


92554 


39474 


91879 


41072 


91176 


46 




16 


34639 


93809 


36271 


93190 


37892 


92543 


39501 


91868 


41098 


91164 


44 




17 


34666 


93799 


36298 


93180 


37919 


92532 


39528 


91856 


41125 91152 


43 




18 


34694 


93789 


36325 


93169 


37946 


92521 


39555 


91845 


41151 


91140 


42 




19 


34721 


93779 


36352 


93159 


37973 


92510 


39581 


91833 


41178 


91128 


41 


20 


34748 


93769 


36379 


93148 


37999 


92499' 


39608 


91822 


41204 


91116 


40 




21 


34776 


93769 


36406 


93137 


38026 


92488 


39635 


91810 


41231 


91104 


39 




22 


34803 


93748 


36434 


93127 


38053 


92477 


39G61 


91799 


41257 


91092 


38 




23 


34830 


93738 


36461 


93116 


,38080 


92466 


39688 


91787 


41284 


91080 


37 




24 


34867 


93728 


36488 


93106 


38107 


92455 


39715 


91775 


4I3IO 


91068 


36 




25 


34884 


93718 


36515 


93095 


38134 


92444 


31)741 


91764 


41337 


91066 


35 


26 


34912 


93708 


36542 


93084 


38161 


92432 


39768 


91752 


41363 


91044 


34 




27 


34939 


93698 


86569 


930?4 


38188 


92421 


39795 


91741 


41390 


91032 


33 




28 


34966 


93688 


36596 


93063 


38215 


92410 


39822 


91729 


41416 


91020 


32 




29 


34993 93677 


36623 


93052 


38241 


92399 


39848 


91718 


41443 


91008 


31 




30 


35021 93667 


36660 


93042 


38268 


92388 


39875 


91706 


41469 


90996 


30 




31 


36048 


93657 


36677 


93031 


38295 


92377 


39902 


91694 


41496 


90984 


29 


33 


35076 


93647 


36704 


93020 


38322 


92366 


39928 


91683 


41522 


90972 


28 




33 


86102 


93637 


36731 


93010 


38349 


92355 


39955 


91671 


41549 


90960 


27 




34 


36130 


93626 


36758 


92999 


38376 


92343 


39982 


91660 


41575 


90948 


26 




35 


36167 


93616* 


36785 


92988 


38403 


92332 


40008 


91648 


41602 


90936 


26 




36 


36184 


93606 


36812 


92978 


38430 


92321 


40035 


91636 


41628 


90924 


24 
23 




37 


36211 


93596 


36839 


92967 


38456 


92310 


40062 


91625 


41655 


90911 


38 


36239 


93585 


36867 


92956 


38483 


92299 


40088 


91613 


41681 


90899 


22 




39 


36266 


93575 


36894 


92945 


38510 


92287 


40115 


91601 


41707 


90887 


21 




40 


36293 


93565 


36921 


92935 


38537 


92276 


40141 


91590 


41734 


90875 


20 




41 


36320 


93655 


36948 


92924 


88564 


92265 


40168 


91578 


41760 


90863 


19 




42 


36347 


93544 


36976 


92913 


38591 


92254 


40195 


91566 


41787 


90851 


18 




43 


35375 


93534 


37002 


92902 


38617 


92243 


40221 


91555 


41813 


90839 


17 


44 


36402 


93524 


37029 


92892 


38644 


92231 


40248 


91543 


41840 


90826 


1$ 




45 


35429 


93514 


37056 


92381 


38671 


92220 


40275 


91531 


41866 


90814 


16 




46 


35466 


93503 


37083 


92870 


38698 


92209 


40301 


91519 


41892 


90802 


14 




47 


36484 


93493 


37110 


92859 


33725 


92196 


40328 


91508 


41919 


90790 


13 




48 


35611 


93483 


37137 


92849 


38752 


92186 


40355 


91496 


41945 


90778 


12 




49 


35638 


93472 


37164 


92838 


38778 


92175 


40381 


91484 


41972 


90766 


11 


50 


35665 


93462 


37191 


92827 


38805 


92164 


40408 


91472 


419.98 


90753 


10 




51 


35592 


93462 


37218 


92816 


38832 


92152 


40434 


91461 


42024 


90741 


9 




62 


35619 


93441 


37245 


92805 


38859 


92141 


40461 


91449 


42051 


90729 


8 




53 


36647 


93431 


37272 


92794 


38886 


92130 


40488 


91437 


42077 


90717 


7 




54 


36674 


93420 


37299 


92784 


38912 


92119 


40514 


91426 


42104 


90704 


6 




35 


35701 


93410 


37326 


92773 


38939 


92107 


4054L 


91414 


42130 


90692 


5 


56 


36728 


93400 


37353 


92762 


38966 


92096 


40667 


91402 


42156 


90680 


4 




51 


35755 


93389 


37380 


92751 


38993 


92085 


40594 


91390 


42183 


90668 


3 




58 


35782 


93379 


37407 


92740 


39020 


92073 


40621 


91378 


42209 


90655 


2 




59 


35810 


93368 


37434 


92729 


39046 


92062 


40647 


91366 


42236 


90643 


1 




60 


35837 


93358 


37461 


92718 


39073 


92050 


40674 

N. CDS. 


91365 


42262 


90631 







1 i 


N. COS. 


JN.sine. 


N. COS. 


N. COS. 


iV.sine. 


N.sine. 


N. COS. 


N.sine. 


M. 




I 


•^ 1 


(;c^ 1 «' 


f^ 


r^GO j 650 


1 



or NATURAL snoss. 



i- 



1 


26P j 


86° 1 


270 


28° 


290 1 


1 


M. 


M.siae. N. cos. 


JM.sine. N. cos. 


?j^ine. 


M. cos. 


JN.sine. 


N. cos. 


N.sine. 


N. COS.J 


1 


i 





422621 90631 


438371 89879 


45399 


89101 


46947 


88295 


48481 


87462 


60 ! 




1 ' 


42288 


90613 


43863 


89867 


45465 


89087 


46973 


88281 


48506 


87448 


59 




% 


42315 


90606 


43889 


89864 


46461 


89074 


46999 


88267 


48532 


87434 


68 


 


9 


42341 


90594 


43916 


89841 


45477 


89061 


47024 


88264 


48567 


8742d 67 1 i 




4 


42367 


90582 


43942 


89828 


46503 


89048 


47060 


88240 


48683 


87406 


66 


. 


6 


42394 


90569 


43968 


89816 


46629 


89036 


47076 


88226 


48608 


87391 


66 




6 


42420 


90567 


43994 


89803 


46654 


89021 


47101 


88213 


48634 


8737"! 


64 


7 


42446 


90545 


44020 


89790 


45680 


89008 


47127 


88199 


48669 


8736a 63 1 1 




8 


42473 


90532 


44046 


89777 


46606 


88995 


47163 


88185 


48684 


87349 


52 




S 


42499 


90520 


44072 


89764 


45632 


88981 


47178 


88172 


48710 


8733fi 


51 




10 


42525 


90507 


44098 


89762 


46658 


88968 


47204 88168 


48735 


87321 


60 




11 


42552 


90495 


44124 


89739 


45684 


88955 


47229 


88144 


48761 


87306 


49 




IX 


42678 


90483 


44151 


89726 


45710 


88942 


4726^ 


88130 


48786 


87292 


48 


13 


42604 


90470 


44177 


89713 


45736 


88928 


47281 


88117 


48811 


87278 


47 




U 


42631 


90458 


44203 


89700 


46762 


88915 


47306 


88103 


48837 


87264 


46 




Id 


42657 


90446 


44229 


89687 


45787 


88902 


47332 


88089 


48862 


8'7250 


46 




16 


42683 


90433 


44255 


89674 


45813 


88888 


47358 


88076 


48888 


87235 


44 




17 


42709 


904^1 


44281 


89662 


46839 


88875 


47383 


88062 


48913 


87221 


43 




18 


42736 


90408 


44307 


89649 


46866 


88862 


47409 


88048 


48938 


87207 


42 


19 


42762 


90396 


44333 


89636 


46891 


88848 


47434 


88034 


48964 


87193 


41 




90 


42788 


90383 


44359 


89623 


46917 


88835 


47460 


88020 


48989 


87178 


40 




%l 


42815 


90371 


44385 


89610 


45942 


88822 


47486 


88006 


49014 


87164 


39 




S2 


42841 


90358 


44411 


89597 


45968 


88808 


47611 


87993 


49040 


87160 


38 




23 


42867 


90346 


44437 


89584 


45994J 88796 


47537 


87979 


49065 


87136 


37 




24 


42894 


90334 


44464 


89571 


46020 


88782 


47662 


87966 


49090 


87121 


36 


26 


42920 


90321 


44490 


89558 


1 46046 


1 88768 


47588 


87951 


49116 


87107 


3d 




26 


42946 


90309 


44516 


89546 


46072 


88755 


47614 


87937 


49141 


87093 


34 




27 


42972 


90296 


44542 


89532 


46097} 88741 


47639 


87923 


49166 


87079 


33 




28 


42999 


90284 


44568 


89519 


. 46123 


88728 


47666 


87909 


49192 


87064 


32 




29 


43025 


90271 


44694 


89506 


46149 


88715 


47690 


87896 


49217 


87060 


31 




30 


43051 


90259 


44620 


89493. 


46176 


88701 


47716 


87882 


49242 


87036 


30 


31 


43077 


90246 


44646 


89480 


46201 


88688 


47741 


87868 


49268 


87021 


29 




SS 


43104 


90233 


44672 


89467 


46226 


88674 


47767 


87864 


49293 


87007 


28 




33 


,43130 


90221 


44698 


89454 


46262 


88661 


47793 


87840 


49318 


86993 


27 




:m 


,43156 


90208 


44724 


89441 


46278 


1 88647 


47818 


87826 


49344 


86978 


26 




35 


4ai82 


90196 


44750 


89428 


46304 


88634 


47844 


87812 


49369 


86964 


26 




36 


43209 


90183 


44776 


89415 


46330 


88620 


47869 


t 87798 


49394 


86949 


24 




« 


43235 


90171 


44802 


89402 


46355 


88607 


47895 


87784 


49419 


86935 


23 




38 


43261 


90158 


44828 


89389 


46381 


88593 


47920 


87770 


49445 


86921 


22 




39 


'43287 


90146 


44864 


89376 


4^407 


88580 


47946 


87766 


49470 


86906 


21 




40 


43313 


90133 


44880 


89363 


^ 46433 


88566 


47971 


87743 


49496 


86892 


SO 




41 


43340 


90120 


44906 


89360 


1 46458 


88563 


47997 


87729 


49621 


86878 


19 




43 


43366 


90108 


44932 


89337 


46484 


88539 


48022 


87716 


49546 


86863 


18 


4a 


'43392 


90095 


44958 


89324 


46610 


88526 


48048 


87701 


49571 


86849 


17 




44 


43418 


90082 


44984 


89311 


46536 


88512 


48073 


87687 


49696 


86834 


16 




45 


43445 


90070 


45010 


89298 


46561 


88499 


48099 


87673 


49622 


86820 


16 




46 


43471 


90057 


45036 


89285 


46587 


88485 


48124 


87669 


49647 


86806 


14 




47 


43497 


.90045 


45062 


89272 


46613 


88472 


48160 


87645 


49672 


86791 


13 




48 


43523 


90032 


45088 


89259 


46639 


88458 


48176 


87631 


49697 


86777 


12 


49 


43549 


90019 


45114 


89245 


46664 


88446 


48201 


87617 


49723 


86762 


• 11 


! 


50 


436T5 


90007 


45140 


89232 


46690 


88431 


48226 


87603 


49748 


86748 


10 


t 

1 


51 


43602 


89994 


45166 


89219 


46716 


88417 


48262 


87689 


49773 


86735 


9 


! 


52 


43628 


89981 


45192 


89206 


46742 


88404 


48277 


87575 


49798 


86719 


8 


1 

1 


53 


43654 


89968 


45218 


89193 


46767 


88390 


48303 


87561 


49824 


86704 


7 




54 


43680 


89956 


46243 


89180 


46793 


88377 


48328 


87546 


49849 


86690 


6 


55 


43706 


89943 


45269 


89167 


46819 


88363 


48354 


87632 


49874 


86676 


6 


» 


56 


437a'? 


89930 


45295 


89163 


46844 


88349 


48379 


87518 


49899 


86661 


4 




57 


43759 


89918 


45321 


89140 


46870 


88336 


48405 


87504 


49924 


86646 


3 


 


58 


43785 


89905 


46347 


89127 


46896 


88322 


48430 


87490 


49950 


86632 


2 


t 

< 


59 


43811 


89892 


46373 


89114 


46921 


88308 


48456 


87476 


49975 


86617 


1 




60 


43837 


89879 


45399 


89101 


46947 


88295 


48481 


87462 


60000 


86603 





I 




N. COS. 


N.8me. 


N. cos. ^.sine. 


N. cos. 


N.8ine. 


N. cos. 


N.sine. 


N. cos.' N .sine* 


M. 


 1 


64^ 


1 63° 


61 


l^ 1 6 


10 


6OO 1 



OF NATDKAL SINES. 



M. 




1 

2 
S 
4 
6 
6 



7 

8 

9 

10 

11 

12 



13 
14 
15 
16 
17 
18 



19 
20 
21 
22 
23 
24 



26 
26 
27 
28 
29 
30 



31 
32 
33 
34 
35 
36 



37 
38 
39 
40 
41 
42 



43 
44 

45 
46 
47 

48 



49 
50 
51 
52 
53 
54 



55 

6e 

BT 
58 
59 
60 



N.sine. 



yiizi 



310 



50000 
50025 
50050 
50076 
50101 
50126 
50151 



50176 
50201 
60227 



50252 86457 
50277 86442 



50302 



50327 
50352 
50377 
50403 
50428 



50453 86340 



50478 
50503 
50528 
50553 
60578 
50603 



50628 
50654 
50679 
50704 
50729 
50754 



50779 
50804 
50829 
50854 
50879 
50904 



50929 
50954 
50979 
51004 
51029 
51054 



51079 
51104 
51129 
51154 
51179 
51204 



51229 
51254 
51279 
51304 
51329 
51354 



I 



3S9 



I 



330 



I 



340 



N. co^. N.sine. N. cos.lN.siDe.tN. co8.|N.8iae.iN. cos..N.sine. N. cos. 



86603 
86588 
86573 
86659 
86544. 
86530 
86615 



86501 
86486 
86471 



86427 



86413 
86398 
86384 
86369 
86354 



86326 
86310 
86295 
86281 
86266 
86251 



86237 
86222 
86207 
86192 
86178 
86163 



86148 
86133 
86119 
86104 
86089 
86074 



86059 
86045 
86030 
86015 
86000 
85985 



85970 
85956 
85941 
85926 
85911 



85881 
85866 
85851 
85836 
85821 
85806 



51379 85792] 

61404 85777 

61429 85762 

51454 85747 

51479 85732 

, 51504 85717 

'N. cos.'N.sine. 



51504 
51529 
51554 
51579 
51604 
51628 
51653 



51678 
61703 
51728 
51753 
51778 
51803 



51828 
51862 
51877 
51902 
51927 
51952 



51977 
52002 
52026 
52061 
52076 
52101 



52126 
52151 
52175 
52200 
52225 
52250 



52275 
52299 
52324 
52349 
62374 
52399 



52423 
52448 
52473 
52498 
52522 
52547 



52572 
52597 
52621 
52646 
52671 



85896 52696 



52720 
52745 



52819 



52869 
62893 
52918 
52943 
52967 
52992 



85717 
85702 
85687 
85672 
85667 
85642 
85627 



85612 
85597 
86582 
85567 
86561 
85636 



86521 
85506 
86491 
85476 
85461 
85446 



85431 
85416 
85401 
85385 
85370 
85355 



85340 
85325 
86310 
85294 
85279 
85264 



85249 
85234 
85218 
85203 
86188 
85173 



85157 
85142 
85127 
86112 
85096 
85081 



850661 
85051 
85035 
85020 



84989 



84974 



62794 84928 



84913 



52844 84897 



84882 
84866 
84651 
84836 
84820 
84805 

N. C08.'N.sme.'N. cos. 



52992 
53017 
53041 
53066 
63091 
53115 
53140 



63164 
53189 
53214 
53238 
53263 
63288 



53312 
63337 
53361 
53386 
53411 
53435 



53460 
53484 
53509 
53534 
53658 
53583 



53607 
53632 
53656 
53681 
53706 
53730 



53754 
53779 
53804 
53828 
53853 
53877 



539021 

53926 

53951 

53975 

54000 

54024 



54049 
54073 
54097 

54122 



85005 54146 



54171 



54195 



84959 54220 



62770 84943 64244 84009 65702 



54269 



64317 



54342 
54366 
64391 
64416 
64440 
64464 



84806 
84789 
84774 
84759 
84743 
84728 
84712 



84697 
84681 
84666 
84650 
84636 
84619 



84604 
84588 
84573 
84557 
84542 
84526 



84511 
84496 



84480 54975 



84464 
84448 
84433 



84417 
84402 
84386 
84370 
84365 
84339 



84324 
84308 
84292 
84277 
84261 
84245 



84230 
84214 
84198 
84182 
84167 
84151 



84135 
84120 
84104 
84088 
84072 
84057 



84041 
84026, 



83994 



54293 8397B 



83962 



83930 
83916 
83899 
83883 
83867 



N.8ine. 



64464 
54488 
54513 
54537 
54661 
54586 
54610 



54635 
64659 
54683 
54708 
64732 
54756 



54781 
54806 
54829 
54854 
64878 
54902 



54927! 
64951 



54999 
56024 
55048 



65072 
55097 
55121 
65146 
65169 
65194 



55218 
65242 
66266 
66291 
65315 
65339 



55363 
65388 
55412 
55436 
56460 
56484 



65509 
66533 
55657 
66581 
55605 
56630 



66664 
66678 



66726 
66750 



83946 66799 



66823 
65847 
66871 
66895 
66919 



N. COS. 



83867 
83851 
83836 
83819 
83804 
83788 
83772 



83756 
83740 
83724 
83708 
83692 
83676 



83660 
83645 
83629 
83613 
83697 
83581 



83565 
83549 
83533 
83517 
83501 
83485 



83469 
83453 
83437 
83421 
83405 
83389 



83373 
83356 
83340 
83324 
83308 
83292 



83276 
83260 
83244 
83228 
83212 
83195 



83179 
83163 
83147 
83131 
83115 
83098 



83082 
83066 
83050 
83034 
83017 



66775 83001 



82985 
82969 
82953 
82936 
82920 
82904 



N.sine. 



55919 
55943 
55968 
55992 
56016 
66040 
56064 



56088 
56112 
56136 
56160 
56184 
56208 



56232 
56256 
56280 
56305 
56329 
56353 



56377 
56401 
56425 
56449 
56473 
56497 



56521 
56545 
56569 
56593 
66617 
56641 



56666 
56689 
56713 
66736 
56760 
66784 



66808 
66832 
56856 
56880 
66904 
56928 



56952 
66d76 
67000 
67024 
67047 
57071 



57096 
57119 
67143 
67167 
57191 
67216 



57262 
57286 
57310 
67334 
57368 



N. cent. 



829044 

82887 

82871 

82856 

82839 

82822 

82806 



82790 
82773 
82761 
827411 
82724 
82708 



82692 
82675 
82659 
82643 
82626 
826101 



82593 
82577 
82561 
82544 
82528 
82511 



82495 
82478 
82462 
82446 
82429 
82413 



82396 
82380 
82363 
82347 
82330 
82314 



82297 
82281 
82264 
82248 
82231 
82214 



82198 
82181 
82166 
82148 
82132 
82116 



82098 
82082 
82066 
82048 
82032 
82015 



67238 81999 



81982 
81966 
81949 
81932 
81916 



Njuiie. 



t> 



69° 



58® 



1. 



67^ 



1 



66O 



1 



66° 



60 
69 
58 
67 
66 
66 
64 



53 
62 
61 
60 
49 
48 



47 
46 
46 
44 
43 
42 



41 
40 
39 
38r 

3T 
36 



1 



36 
3« 
3S 

32r 

31 

3a 



• * 



29 
28 
27 
26 
25 



23 
22 
21 
20 
19 
18 



If 

16 

15 

14 

IS 

12 



11 
10 

8 
7 
6 



6 
4 
3 
2 
1 




Af. 



L 



"T^'-iX. 



OF KATUKAL SINKS. 



1 1 


36° 36^ J 370 


38° 39^ 1 


1 




1 M. 


N.sine. 


N. COS. N.sine. 


N. COS. 


N.sine. 


N. COS. 


N.8ine. 


N. COS. N.siue.|N. cos^ 









67368 


81915 


68779 


80902 


60182 


79864 


61566 


78801 


42932 77715 


60 




1 


57381 


81899 


58802 


80885 


60205 


79846 


61689 


78783 


62955 


77696 


59 




2 


57405 


81882 


58826 


80867 


60228 


79829 


61612 


78765 


62977 


77678 


58 




S 


67429 


81865 


58849 


80850 


60251 


79811 


61635 


78747 


63000 


77660 


57 




4 


57453 


81848 


58873 


80833 


60274 


79793 


61658 


7C729 


63022 


77641 


56 




6 


57477 


81832 


58896 


80816 


60298 


79776 


61681 


78711 


63045 


77623 


55 




6 


67501 


81815 


58920 


80799 


60321 


79758 


61704 


78694 


63068 


77605 


54 


7 


67624 


81798 


58943 


80782 


60344 


79741 


61726 


78676 


63090 


77586 


53 




8 


67548 


81782 


58967 


80765 


60367 


79723 


61749 


78658 


63113 


77568 


52 




9 


57572 


81765 


68990 


80748 


60390 


79706 


61772 


78640 


63135 


77550 


51 




10 


57596 


81748 


59014 


80730 


60414 


79688 


61795 


78622 


63168 


77531 


50 




11 


57619 


81731 


59037 


80713 


60437 


79671 


61818 


78604 


63180 


77513 


49 




n 


57643 


81714 


69061 


80696 


60460 


79653 


61841 


78686 


63203 


77494 


48 


13 


67667 


81698 


590aj 


80679 


60483 


79635 


61864 


78568 


63225 


77476 


47 


1 


14 


67691 


81681 


59103 


80662 


60506 


79618 


61887 


78560 


63248 


77458 


46 




15 


57716 


81664 


59131 


80644 


60529 


79600 


61909 


78532 


63271 


77439 


45 




16 


67738 


81647 


59164 


80627 


60553 


79583 


61932 


78514 


63293 


77421 


44 




17 


67762 


81631 


59178 


80610 


60576 


79665 


61955 


78496 


63316 


77402 


43 




18 


57786 


81614 


69i201 


80593 


60599 


79547 


61978 


78478 


63338 


77384 


42 


19 


57810 


81697 


59225 


80576 


60622 


79530 


62001 


78460 


63361 


77366 


41 




20 


67^33 


815^0 


59248 


80568 


60646 


79612 


62024 


78442 


63383 


77347 


40 




21 


57857 


81663 


59272 


80541 


60668 


79494 


62046 


78424 


63400 


77329 


39 




22 


57881 


31546 


59296 


80524 


60691 


79477 


62069 


78406 


63428 


77310 


38 




23 


67904 


81530 


59318 


80507 


,60714 


79439 


62092 


78387 


63451 


77292 


37 




24 


57928 


81513 


69342 

■- 


80489 


60738 


79441 


61ill5 


78369 


63473 


77273 


36 


25 


57932 


81496 


693G5 


80472 


60761 


79424 


62138 


78351 


63496 


77255 


35 




26 


57976 


81479 


59389 


80453 


60784 


79406 


62160 


78533 


63518 


77236 


34 




27 


57999 


81462 


59412 


80438 


60807 


79388 


62183 


78316 


63540 


77218 


33 




28 


58023 


81445 


59436 


80420 


60830 


79371 


62206 


78297 


63563 


77199 


32 




29 


58047 


81428 


59459 


80403 


60853 


79363 


62229 


78279 


03585 


77181 


31 




30 


58070 


81412 


59482 


80386 


60876 


79335 


62251 


78261 


63608 


77162 


30 


31 


58094 


81395 


69606 


80368 


60899 


79318 


62274 


78243 


63630 


77144 


29 




32 


58118 


81378 


59629 


80351 


60922 


79300 


62297 


78225 


63653 


77125 


28 




33 


58141 


81361 


59552 


80334J 


60945 


79282 


62320 


78206 


63675 


77107 


27 


► 


34 


58166 


81344 


59576 


80316 


60968 


79264 


62342 


78188 


63698 


77088 


26 




35 


58189 


81327 


59599 


80299 


60991] 


79247 


62365 


78170 


63720 


77070 


25 




36 


58212 


81310 


69622 


80282 


61015 


79229 


62388 


78152 


63742 


77051 


24 


37 


58236 


81293 


59646 


80264 


61038 


79211 


62411 


78134 


63765 


77033 


23 




38 


68260 


81276 


59669 


80247 


61061 


79193 


62433 


78116 


63787 


77014 


22 




39 


58283 


81259 


59693 


80230 


61084 


79176 


62456 


78098 


63810 


76996 


21 




40 


58307 


81242 


69716 


80212 


61107 


79168 


62479 


78079 


63832 


76977 


20 




41 


58330 


81225 


69739 


80195 


61130 


79140 


62502 


78061 


63854 


76959 


19 




42 


58354 


81208 


59763 


80178 


61153 


79122 


62524 


78043 


63877 


76940 


18 


43 


68378 


81191 


59786 


80160 


61176 


79105 


62547 


78025 


63899 


76921 


17 




44 


58401 


81174 


59809 


80143 


61199 


79087 


62570 


78007 


63922 


76903 


16 




45 


58425 


81157 


59832 


80125 


61222 


79069 


62592 


77988 


63944 


76884 


15 




46 


58449 


81140 


59856 


80108 


61245 


79051 


62616 


77970 


63966 


76866 


14 




47 


58472 


81123 


69879 


80091 


61268 


79033 


62638 


77952 


63989 


76847 


13 




48 


58496 


81106 


69902 


80073 


61291 


7.9016 


62660 


77934 


64011 


76828 


12 


49 


58519 


81089 


59926 


80056 


61314 


78998 


62683 


77916 


64033 


76810 


11 




50 


58643 


81072 


59949 


80038 


61337 


78980 


62706 


77897 


64056 


76791 


10 




51 


58567 


81055 


69972 


80021 


61360 


78962 


62728 


77879 


64078 


76772 


9 




52 


58590 


81038 


59995 


80003 


61383 


78944 


62751 


77861 


64100 


76754 


8 




53 


58614 


81021 


60019 


79986 


61406 


78926 


62774 


77843 


64123 


76735 


7 




54 


58637 


81004 


60042 


79968 


61429 


78908 


62796 


77824 


64145 


76717 


6 


55 


58661 


80987 


60065 


79951 


61451 


78891 


62819 


77806 


64167 


76698 


5 




56 


58684 


80970 


60089 


79934I 


61474 


78873 


62842 


77788 


64190 


76679 


4 




57 


58708 


80953 


60112 


79916 


61497 


78855 


62864 


77769 


64212 


76661 


3 




58 


58731 


80936 


60135 


79899 


61520 


78837 


62887 


77751 


64234 


76642 


2 




59 


68756 


80919 


60158 


79881 


61543 


78819 


62909 


77733 


64266 


76623 


1 


-T 


60 


68779 


80902 


60182 


79864 


61566 


78801 


62932 


77716 


64279 


76604 





N. COS. 


N.sine. 


N. COS. 


N.sine. 


N. COS. 


N.sine. 


N. COS. 


N.sine. 


N. COS. 


N.siDe. 


M. 




5^ 


iP 1 5: 


50 1 5 


20 


5 


10 


1 5 


00 


1 !. 



iofjrs^ 



01* NATURAL SINES. 



1 1 


40° 1 


41 


o 


42° 


43^ 1 


440 


1 




M, 


N.sine. 


N. COS. 


N.sine.,N. cos. 


N.sine. N. cos.,N.sine.| 


N. COS. N.sinc.jN. cos.| 









64279 


76604 


65606 75471 


66913 


74314 


68200 


73135 


69466 


71934 


60 




1 


64301 


76586 


65628 


75462 


66935 


74295 


68221 


73116 


69487 


7191*4 


69 




2 


64323 


76567 


65650 


75433 


66936 


74276 


68242 


73096 


69508 


71394 


68 




3 


64346 


76548 


65672 


75414 


66978 


74256 


68264 


73076 


69629 


71873 


67 




4 


64368 


76530 


65694 


75395 


66999 


74237 


68285 


73056 


69549 


71853 


66 




5 


64390 


76611 


65716 


75375 


67021 


74217 


68306 


73036 


69570 


71833 


65 




6 


64412 


76492 


65738 


76356 


67043 


74198 


68327 


73016 


69691 


71813 


64 


• 


7 


64435 76473 


65759 


75337 


67064 


74178 


68349 


72996 


696t2 


71792 


53 


8 


64457 764.75 


65781 


73318 


67086* 74159 


68370 


72976 


69633 


71772 


62 




^ 


64479 


76436 


65803 


75299 


671071 74139 


68391 


72937 


69654 


71732 


61 




10 


64501 


76417 


63825 


75280 


67129 74120 


68412 


72937 


69675 


71732 


60 




11 


64524 


76398 


63847 


76261 


67151 


74100 


68434 


72917 


69696 


71711 


49 




12 


64546 


76380 


65869 
658^1 


76241 

73222 


67172 


74080 


68455 


72897 


69717 


71691 


48. 




13 


64568 


76361 


67194 


74061 


68476 


72877 


69737 


71671 


47 


14 


64590 


76342 


65913 


75203 


67215 


74041 


68497 


72857 


69738 


71630 


46 




15 


64612 


76323 


65935 


73184 


67237 


74022 


68518 


72837 


69779 


71630 


46 




16 


64635 


76304 


65936 


7516A 


67258 74002 


68339 


72817 


69800 


71610 


44 




17 


64657 


76286 


65978 


75146 


612]iO\ 73983 


68361 


72797 


69821 


71390 


43 




18 


64679 


76267 


6G000 


75126 


673011 73963 


68582 


72777 


69842 


71569 


42 




W 


64701 


76248 


66022 


75107 


67323 73944 


615603 


. 72737 


69862 


71349 


41 


20 


64723 


76229 


66044. 


73088 


67344' 73924 


68624 


72737 


69883 


71529 


40 




21 


64746 


76210 


66066 


75069 


67366 73904 


6C643 


• 72717 


69904 


71308 


39 




22 


647G8 


76192 


66088 


73050 


67387 


73885 


68666 


72697 


69926 


71488 


38 




23 


64790 


76173 


66109 


75030 


67409 


73863 


68688 


72677 


69946 


71468 


37 




24 


64812 


76154 


66131 


73011 


67430 


73846 


68709 


72637 


69966 


71447 


36 




25 


64834 


76135 


66153 


74992 


67452 


73826 


68730 


72637 


69987 


71427 


35 


26 


64856 


76116 


66176 


74973 


67473 


73806 


68751 


72617 


70008 


71407 


34 




27 


64878 


76097 


66197 


74933 


67493 


73787 


Q8772 


72397 


70029 


71386 


33 




28 


64901 


76078 


66218 


74934 


67516 


73767 


68793 


72377 


70049 


71366 


32 




29 


64923 


76059 


66240 


74913 


67338 


73747 


68814 


72557 


70070 


71345 


31 




30 


64945 


76041 


66262 


. 74896 


67359 


73728 


68835 


72537 


70091 


71325 


30 


t 


31 


64967 


76022 


66284 


74876 


67380 


73708 


68837 


72517 


70112 


71305 


29 


32 


64989 


76003 


66306 


74837 


67602 


73688 


68878 


72497 


70132 


71284 


28 




33 


65011 


75984 


66327 


74838 


67623 


73669 


68899 


72477 


70133 


71264 


27 




34 


65033 


75965 


66349 


74818 


67645 


73649 


68920 


72467 


70174 


71243 


26. 




35 • 


65055 


76946 


66371 


74799 


67666 


73629 


68941 


72437 


70J93 


71223 


25 




36 


66077 


75927 


66393 


74780 


67688 


73610 


68962 


72417 


70215 


71203 


24 




37 


65100 


75908 


66414 


74760 


67709 


73590 


68983 


72397 


70236 


71182 


23 


38 


65122 


76889 


66436 


74741 


67730 


73570 


69004 


72377 


70257 


71162 


22 




39 


66144 


75870 


66458 


74722 


67752 


73551 


69025 


72357 


70277 


71141 


21 




40 


65166 


75851 


66480 


74703 


67773 


73531 


69046 


72337 


70298 


71121 


20 




41 


65188 


75832 


66501 


74683 


67793 


73511 


69067 


72317 


70319 


71100 


19 




42 


65210 


76813 


66523 


74664 


67816 


73491 


69088 


72297 


70339 


71080 


18 


i 


43 


65232 


75794 


66545 


74644 


67837 


73472 


69109 


72277 


70360 


71059 


17 


44 


65254 


76775 


66566 


74625 


67839 


73452 


69130 


72257 


70381 


71039 


16 




46 


65276 


75756 


66588 


74606 


67880 


73432 


69151 


72236 


70401 


71019 


15 


1 


46 


65298 


76738 


66610 


74586 


67901 


73413 


69172 


72216 


70422 


70998 


14 


I 


47 


65320 


75719 


. 66632 


74567 


67923 


73393 


69193 


72196 


70443 


70978 


la 




48 


65342 


76700 


66653 


74548 


67944 


73373 


69214 


72176 


70463 


70957 


12 




49 


65364 


75680 


66676 


74528 


67965 


73353 


69235 


72136 


70484 


70937 


11 


50 


65386 


T6661 


66697 


74509 


67987 


73333 


69236 


72136 


70505 


70916 


10 




51 


65408 


76642 


66718 


74489 


68008 


73314 


69277 


72116 


70323 


70896 


9 




52 


65430 


76623 


66740 


74470 


68029 


73294 


69298 


72095 


70546 


7087^ 


8 




53 


65452 


'756G4 


66762 


74451 


68051 


73274 


69319 


72075 


70567 


70865 


7 




54 


66474 


76686 


66783 


74431 


68072 


73254 


69340 


72055 


70587 


70834 


6 




55 


65496 


76566 


66805 


74412 


68093 


73234 


69361 


72035 


70608 


70813 


6 


56 


65618 


76647 


66827 


74392 


68116 


73215 


69382 


72015 


70628 


70793 


4 




67 


66640 


76628 


66848 


74373 


68136 


73195 


69403 


71993 


70649 


70772 


3 




58 


66562 


76609 


66870 


74353 


68157 


73175 


69424 


71974 


70670 


70752 


2 


' 


59 


66684 


76490 


66891 


74334 


68179 


73155 


69445 


71954 


70690 


70731 


1 




1 60 


66606 76471 


66913 


74314 


68200 


73135 69466 


71934 


70711 


70711 





1 


1 


N. COS. N.sme. 


N. co8.|N.8ine.l 


N. cos. 


N.sme. N. cos. 


N.sine. 


N. COS. 


N.sine. 


M. 


1 


i 1 


4£ 


)w 1 48© 1 47« 1 4ti*^ 1 45" If 



2 



t • 





Of Logarithmic Sines, Tangents, and Secants to every Point and Quarter 

Point of the Compass. 




 


Points. 


Sine. 


Co. sine. 


Tangent 


Co. tang. 


Secant. 


Co. secant. 







01 


Inf. ueg. 
8.69080 
8.99130 
9.16662 


10.00000 
9.99948 
9.99790 
9.99627 


Inf. neg. 
8.69132 
8.99340 
9.17125 


Infinite. 
11.30868 
11.00660 
10.82875 


10.00000 
10.00052 
10.00210 
10.00473 


Infinite. 
11.30920 
11.00870 
10.83348 


8 
7 1 

7 i 

7i 




1 

1! 

1| 


9.29024 
9.38557 
9.46282 
9.52749 


9.99157 
9.98679 
9.98088 
9.97384 


9.29866 
9.39879 
9.48194 
9.55365 


10.70134 
10.60121 
10.51806 
10.44635 


10.00843 
10.01321 
10.01912 
10.02616 


10.70976 
10.61443 
10.53713 
10.47251 


7 
6 1 

6 i 

6 i 




2 
2i 

2i 


9.58284 
9.63099 
9.67339 
9.71105 


9.96562 
9.95616 
9.94543 
9.93335 


9.61722 
9.67483 
9.72796 
9.77770 


10.38278 
10.32517 
10.27204 
10.22230 


10.03438 
10.04384 
10.06457 
10.06665 


10.41716 
10.36901 
10.32661 
10,28895 


6 

Si 
64 




3 

ii 

3| 


9.74474 

9.77503 

9.80236 

1^.82708 


9.91985 
9.90483 
9.88819 
9.86979 


9.82489 
9.87020 
9.91417 
9.95729 


10.17511 
10.12980 
10.08583 
10.04271 


10.08015 
10.09517 , 
10.11181 
10.13021 


10.25526 
10.22497 
10.19764 
10.17292 


5 

4 i 

4 1 




4 


9.84949 


9.84949 


10.00000 


10.00000 


10.15051 


10.15061 


4 






Co.'sine. 


Sine. 


Co. tang. 


Tangent. 


Co. secant. 


Secant. 


Points. 




• 












/ 







1 
J 








LOOAKfTHMS OF NUMBERS. 








1 


no. 1 100. ^ Log. 0.00000 2.00000. 


1 


N. 


Log. 


N. 


Log. 


•N. 


Log. 


N. 


Log. 


^. 


Log. 


1 
2 
3 
4 
5 


0.00000 
0.30103 
0.47712 
0.60206 
0.69897 


21 

22 
23 
24 

25 


1.32222 
1.34242 
1.36173 
1.38021 
1.39794 


41 

42 
43 
44 
45 


1.61278 
1.62325 
1.63347 
1.64345 
1.65321 


61 
62 
63 
64 
65 


1.78533 
1.79239 
1.79934 
1.80618 
1.81291 


81 
82 
83 
84 
85 


1.90849 
1.91381 
1.91908 
1.92428 
1.92942 


6 
7 
8 
9 
10 


0.77815 
0.84510 
0.90309 
0.95421 
1.00000 


26 
27 
28 
29 
30 


1.41497 
1.43136 
1.44716 
1.46240 
1.47712 


46 i 

47 

48 

49 

60 


1.66276 
1.67210 
1.68124 
1.69020 
1.69897 


66 
•67 
68 
69 
70 


1.81954 
1.82607 
1.83251 
1.83885 
1.84510 


86 
87 
88 
89 
90 


1.93460 
1.93952 
1.944^18 
1.94939 
1.95424 


11 
12 
13 
14 
15 


1.04139 
1.07918 
1.11394 
1.14613 
1.17609 


31 
32 
33 
34 
36 


1.49136 
1.60515 
1.61851 
1.63148 
1.64407 


51 
62 
63 

64 
55 


1.70757 
1.71600 
1.72428 
1.73239 
1.74036 


71 

72 
73 
74 
75 


1.85126 
1.85733 
1,86332 
1.86923 
1,87506 


91 
92 
93 
94 
96 


1.96904 
1.96379 
1.96848 
1.97313 
1.97772 


16 
17 
18 
19 
20 


1.20412 
1.23045 
1.25527 
1.27876 
1.30103 


36 
37 
38 
39 
40 


1.56630 
1.56820 
1.67978 
1.69106 
1.60206 


56 
67 
63 
69 
60 


1.74819 
1.76687 
1.76343 
1.77086 
1.77816 


76 
77 
78 
79 

1 80 


1.88081 
1.88649 
1.89209 
1.89763 
1.90309 


96 
97 
98 
99 
100 


1.98227 
1.98677 
1,99123 
1.99564 
2.00000 













LOGARITHMS OF NUMBERS. 










No. 100— 


—1600. Log. 00000 20412. | 


1 


No. 


112 


3 


4 


5 


6 


7 


8 9 




100 


OOOOoi 00043i 00087 


00130 


00173 


00217 


00260 


00303 


00346 0OJC9 




101 


00432 


00476 


00518 


00561 


00604 


00647 


00689 


00732 


007751 00817 






102 


00860 


00903 


00945 


00988 


01030 


01072 


01115 


01157 


01199 01242 






103 


01284 


01326 


01368 


01410 


01452 


01494 


01536 


01578 


01620 01662 






104 


01703 


01745 


01787 


01828 


01870 


01912 


01953 


01995 


02036 


02078 




105 


02119 


02160 


02202 


02243 


02284 


02325 


02366 


02407 


02449 


02490 




106 


02531 


02572 


02612 


02653 


02694 


02735 


02776 


02816 


02857 


02898 






107 


02938 


02979 


03019 


03060 


03100 


03141 


03181 


03222 


03262 


03302 






108 


03342 


03383 


03423 


03463 


03503 


03543 


03583 


03623 


03663 


03703 






109 


03743 


03782 


03822 


03862 


03902 


03941 


03981 


04021 


0^^060 


04100 




110 


' 04139 


04179 


04218 


04258 


04297 


04336 


04376 


04415 


04454 


04493 




111 


04532 


04571 


04610 


04650 


04689 


04727 


04766 


04805 


04844 


04883 






m 


04922 


04961 


04999 


05038 


06077 


05115 


05154 


05192 


05231 


05269 






113 


05308 


05346 


05385 


05423 


05461 


05500 


05638 


05576 


05614 


05652 






114 


O5690 


05729 


05767 


05805 


06843 


05881 


05918 


05956 


05994 


06032 




115 


O6O70 


06108 


06145 


06183 


06221 


06268 


06296 


06333 


06371 


06408 




116 


0C446 


06483 


06521 


06558 


06595 


06633 


06670 


06707 


06744 


06781 






117 


06819 


06856 


06893 


06930 


06967 


07004 


07041 


07078 


07115 


07151 




1 


118 


07188 


07225 


07262 


07298 


07335 


07372 


07408 


07445 


07482 


07518 




1 


119 


07555 


07591 


07628 


07664 


07700 


07737 


07773 


07809 


07846 


07882 




120 


07918 


07964 


07990 


08027 


08063 


08099 


08135 


08171 


08207 


08243 


f 


121 


08279 


08314 


08350 


08386 


08422 


08458 


08493 


08529 


08565 


08600 




i 
1 


122 


08636 


08672 


08707 


08743 


08778 


08814 


08849 


08884 


03920 


08955 




1 


123 


08991 


09026 


09061 


09096 


09132 


09167 


09202 


09237 


09272 


09307 




t 


124 


09342 


09377 


09412 


09447 


09482 


09517 


09552 


09587 


09G21 


09G56 




1 


125* 


09691 


09726 


09760 


09795 


09830 


09864 


09899 


09934 


OVVGli 


10003 


t 


126 


10037 


10072 


10106 


10140 


10175 


10209 


10243 


10273 


10312 


1C346 






127 


10380 


10415 


10449 


10483 


10517 


10551 


10585 


10619 


10653 


10607 




1 


128 


10721 


10755 


10789 


10823 


10857 


10890 


10924 


10958 


10992 


11025 






129 


11069 


11093 


11126 


11160 


11193 


11227 


11261 


11294 


113^27 


11361 




» 


130 


11394 


11428 


11461 


11494 


il628 


11561 


11594 


11628 


U661 


11694 




131 


11727 


11760 


11793 


11826 


11860 


11893 


11926 


11959 


11992 


12024 






132 


12057 


12090 


12123 


12156 


12189 


12222 


12254 


12287 


12320 


12352 






133 


12385 


12418 


12450 


12483 


12516 


12548 


12581 


12613 


12646 


12678 






134 


12710 


12743 


12775 


12808 


12840 


12872 


12906 


12937 


12969 


13001 




135 


13033 


13066 


13098 


13130 


13162 


13194 


13226 


13258 


13290 


13322 




136 


13354 


13386 


13418 


13450 


13481 


13613 


13546 


13577 


13609 


13640 






137 


13672 


13704 


13735 


13767 


13799 


13830 


13862 


13893 


13925 


13956 






138 


13988 


14019 


14051 


14082 


14114 


14145 


14176 


14208 


14239 


14270 






139 


14301 


14333 


14364 


14395 


14426 


14457 


14489 


14520 


14651 


14582 




140 


14613 


14644 


14675 


14706 


14737 


14768 


14799 


14829 


14860 


14891 


1 


141 


14922 


14953 


14983 


15014 


15045 


16076 


15106 


15137 


15168 


15198 






142 


15229 


15259 


15290 


15320 


16351 


15381 


15412 


15442 


15473 


15503 






143 


15534 


15564 


15594 


15625 


15665 


15685 


15715 


15746 


15776 


15806 






144 


15836 


15866 


15897 


15927 


15957 


16987 


16017 


16047 


16077 


16107 




145 


16137 


16167 


16197 


16227 


16256 


16286 


16316 


16346 


16376 


16406 




146 


16435 


16465 


16495 


16524 


16554 


16584 


16613 


16643 


16673 


16702 






147 


16732 


16761 


16791 


16820 


16850 


16879 


16909 


16938 


16967 


16997 






148 


17026 


17056 


17085 


17114 


17143 


17173 


17202 


17231 


17260 


17289 






149 


17319 


17348 


17377 


17406 


17435 


17464 


17493 


17522 


17551 


17580 




1 


150 


17609 


17638 


17667 


17696 


17726 


17754 


17782 


17811 


17840 


17869 




151 


17898 


17926 


17955 


17984 


18013 


18041 


18070 


18099 


18127 


18156 






152 


18184 


1S213 


18241 


18270 


18298 


18327 


18355 


18384 


18412 


18441 






153 


18469 


18498 


18526 


18554 


18583 


18611 


18639 


18667 


18696 


18724 






154 


18752 


18780 


18808 


18837 


18865 


18893 


18921 


18949 


18977 


19005 




155 


19033 


19061 


19089 


19117 


19146 


19173 


19201 


19229 


19257 


19235 




156 


19312 


19340 


19368 


19396 


19424 


19451 


19479 


19507 


19535 


19562 






157 


19590 


19618 


19645 


19673 


19700 


19728 


19756 


19783 


19811 


19838 






158 


19866 


19893 


19921 


19948 


19976 


20003 


20030 


20058 


200^5 


20112 






159 


20140 



20167 


20194 


20222 


20249 


20276 


20303 


20330 


2035(i 


20385 






No. 


112 1 


3 


4 


5 


6 7 1 


8 


9 











LOGARITHMS OF NUMBERS. 










No. 1600- 


2200. 










Log. 20412 34242. ( 




No. 





1 


2 


3 


4 


5 


6 


7 


8 


9 




160 


20412 


20439 


20466 


20493 


20520 


20548 


20676 


20602J 


20629 


20656 




161 


20683 


20710 


20737 


20763 


20790 


20817 


20844 


20871 


20898 


20925 






162 


20952 


20978 


21005 


21032 


21069 


21085 


21112 


21139 


21166 


21192 






163 


21219 


21245 


21272 


21299 


21325 


21352 


21378 


21406 


21431 


21469 






164 


21484 


21511 


21637 


21664 


21590 


21617 


21643 


21669 


21696 


21722 




165 


21748 


21775 


21801 


21827 


21864 


21880 


21906 


21932 


21958 


21985 




166 


22011 


22037 


22063 


22089 


22116 


22141 


22167 


22194 


22220 


22246 




 


167 


22272 


22298 


22324 


22350 


22376 


22401 


22427 


22463 


22479 


22506 






168 


22531 


22567 


22583 


22608 


22634 


22660 


22686 


22712 


22737 


22763 






169 


22789 


22814 


22840 


22866 


22891 


22917 


22948 


22968 


22994 


23019 




170 


23045 


23070 


23096 


23121 


23147 


23172 


23198 


23223 


23249 


23274 




171 


23300 


23325 


23350 


23376 


23401 


23426 


23452 


23477 


23602 


23528 






172 


23563 


23578 


23603 


23629 


23664 


23679 


23704 


23729 


23764 


23779 






17:j 


23806 


23830 


23855 


23880 


23905 


23930 


23955 


23980 


24005 


24030 




• 


174 


24065 


24080 


24105 


24130 


24166 


24180 


24204 


24229 


24264 


24279 




175 


24304 


24329 


24353 


24378 


24403 


24428 


24452 


24477 


24502 


24527 




176 


24551 


24576 


24601 


24625 


24660 


24674 


24699 


24724 


24748 


24773 






177 


24797 


24822 


24846 


24871 


24896 


24920 


24944 


24969 


24993 


25018 




 


178 


25042 


25066 


26091 


26115 


25139 


25164 


25188 


26212 


26237 


25261 






179 


25285 


25310 


25334 


26358 


26382 


26406 


25431 


25455 


26479 


25603 




180 


25527 


25651 


25676 


25600 


26624 


25648 


25672 


25696 


25720 


26744 


1 


181 


26768 


25792 


25816 


26840 


25864 


25888 


25912 


25935 


25959 


26983 






182 


26007 


26031 


26055 


26079 


26102 


26126 


26160 


26174 


26198 


26221 






183 


26245 


26269 


26293 


26316 


26340 


26364 


26387 


26411 


26435 


26458 






184 


26482 


26505 


26529 


26553 


26576 


26600 


26623 


26647 


26670 


26694 


, 


185 


26717 


26741 


26764 


26788 


26811 


26834 


2686H 


2681^1 


26905 


26928 


. 


186 


26951 


26975 


26998 


27021 


27046 


27068 


27091 


27114 


27138 


27161 






187 


27184 


27207 


27231 


27254 


27277 


27300 


27323 


27346 


27370 


27393 






188 


27416 


27439 


27462 


27486 


27608 


27531 


27654 


27577 


27600 


2762$ 






189 


27646 


27669 


27692 


27715 


27738 


27761 


27784 


27807 


27830 


278631 




190 


27875 


27898 


27921 


27944 


27967 


27989 


28012 


28035 


28058 


28081 




191 


28103 


28126 


28149 


28171 


28194 


28217 


28240 


28262 


28286 


28307 






192 


28330 


28353 


28375 


28398 


28421 


28443 


28466 


28488 


28511 


28538 






193 


28556 


28678 


28601 


28623 


28646 


28668 


28691 


28713 


28735 


28758 






194 


28780 


28803 


28825 


28847 


28870 


28892 


28914 


28937 


28959 


28981 




196 


290031 29026 


29048 


29070 


29092 


29115 


29137 


29169 


29181 


29203 




196 


29226 


29248 


29270 


29292 


20314 


29336 


29358 


29380 


29403 


29426 






197 


29447 


29469 


29491 


29513 


29635 


29557 


29579 


29601 


29623 


29645 




1 


198 


29667 


29688 


29710 


29732 


29754 


29776 


29798 


29820 


29842 


29868 






199 


29885 


29907 


29929 


29961 


29973 


29994 


30016 


30038 


30060 


30081 




200 


30103 


30125 


30146 


30168 


30190 


30211 


30233 


30255 


30276 


30298 




201 


30320 


30341 


30363 


30384 


30406 


30428 


30449 


30471 


30492 


30614 




i 

t 


202 


30536 


30557 


30578 


30600 


30621 


30643 


30664 


30685 


30707 


30728 






203 


30760 


30771 


30792 


30814 


30835 


30856 


30878 


30899 


30926 


30942 






204 


30963 


30984 


31006 


31027 


31048 


31069 


31091 


31112 


31133 


31164 




205 


31175 


81197 


31218 


31239 


31260 


31281 


31302 


31323 


31345 


31366 




206 


31387 


31408 


31429 


31450 


31471 


31492 


3T513 


31534 


31566 


31676 






207 


31597 


31618 


31639 


31660 


31681 


31702 


31723 


31744 


31766 


31786 






208 


31806 


31827 


31848 


31869 


31890 


31911 


31931 


31952 


31973 


31994 






209 


32015 


32035 


32066 


32077 


32098 


32118 


32139 


32160 


32181 


82201 




210 


32222 


32243 


322631 


32284 


32305 


32326 


32346 


32366 


32387 


32408 




211 


32428 


32449 


32469 


32490 


32510 


32531 


32562 


32572 


32593 


32618 






212 


32634 


32654 


32675 


32695 


32715 


32736 


32766 


32777 


32797 


32818 






213 


32838 


32858 


32879 


32899 


32919 


32940 


32960 


32980 


33001 


33021 






214 


33041 


33062 


33082 


33102 


33122 


33143 


33163 


33183 


33203 


33224 




215 


33244 


33264 


33284 


33304 


33326 


33345 


33366 


33385 


33406 


33425 




216 


33445 


33465 


33486 


33506 


33626 


33546 


33666 


33586 


33606 


33626 






217 


33646 


33666 


33686 


33706 


33726 


33746 


33766 


33786 


33806 


33826 






218 


33846 


33366 


3388^ 


33905 


33925 


33945 


33965 


33986 


34006 


34025 






219 


34(%4 


34064 


340341 


34104 


34124 


34143 


34163 


34183 


34203 


34223 




I i 


No. 





1 


2 1 


3 


4 


5 


6 


7 


8 


9 


1 

1 



LOOAUTBMI OF MDMBBU. 



1 No. iSUO SHUO 


Log 


34S42 44716. \ 




No. 


1 1 


2 


3 


4 


6 


6 


7 


8 


9 




ito 


MiMl 3i'm 


34282 


34301 


34331 


34341 


34361 


34380 


34400 


34420 






34439 


34459 


34479 


3449B 


34S1B 


34637 


34567 






34616 






as 


3463S 


34665 


34674 






34733 


34763 


34772 


34792 


34811 






aa 


34830 


34860 


34869 


34889 


34908 


34928 


34947 


34967 


.M986 








M4 


3fiOSfi 


3604* 


36064 


36083 


36102 


35122 


36141 


35160 




35199 




««s 


-3Mii 


36338 


36957 


35276 


3529S 


36316 


36334 


3S36i 


"sisra 


36393 




as 


3M1I 


36430 


36449 


35468 


36488 


35507 




30646 


36664 


36583 






ssn 


3M03 


36613 


35641 






35698 


36717 


36736 


3S7S6 


36774 






«a 




35813 


36833 


35861 


36870 


36389 


36908 


36917 


3S946 


35966 






iw 


3fi9S4 


36003 


36021 


36040 


36069 


36018 


36097 




36136 


36164 




130 


lem 


36193 


3fi2n 


15225 


36148 


"3B367 


36286 


S6306 


363M 


36341 




Ml 


36381 


30380 


36399 


36418 


3C436 


36466 


36474 


36433 


36511 


36630 






t3S 


3654S 


36568 


:i6686 


36605 


36624 


36642 


36661 


36680 


3669E 


36717 






S33 


3673l> 


36764 


36773 


36791 


36810 


36829 


36847 


36866 


36884 


36903 






JM 


36933 




36959 


36377 


36996 


37014 


37033 




57070 


37088 




136 










371 81 


3719! 


37218 


37336 


37154 






13G 


37191 


37310 


37318 


37346 


37365 




37401 


374S0 


37438 


37467 






»7 


3747S 




37611 


37830 


37548 


37566 




37603 


37621 


37639 






138 


3766B 




37694 




37731 


37749 


37767 


37786 


37803 








M9 


37840 




37876 


37894 


37912 


37931 


37949 


37967 


37985 






MU 


■moiI 




380S7 




.^093 


381 13 


38130 


"^148 


3BI66 


38184 




Ml 


38M1 


38SS0 


3823R 


3B2Sfi 


38274 


38292 


38310 




33346 








S4S 


38383 


3839! 


38417 


38436 


3845; 


38471 


38489 




38625 








143 


ssaiii 




3B696 






38650 




38686 


38703 


38721 






U4 


38739 


3875: 


3B77S 


3879! 


388l( 


38838 


38841 


38863 


38881 


38899 




Ms 








38970 


38987 


39005 




39041 


39058 


39076 




M6 


39094 


39111 


39129 


39146 


39161 


39102 


39199 


39317 


39S36 


39262 






U7 


39870 


3988- 


39305 


39322 




39358 


39376 




39410 








Me 


3944S 




39480 


39498 








39,^68 




39602 






U9 


39620 


39fir 


ssesr 


39673 


39GW 


39707 


3978- 


39742, 


39759 


397T7 




SflO 


39734 


39811 


398S9 


39846 


39863 


39881 


39B9I 


39916. 


39933 


39980 




UI 


39967 


39986 


40003 


40019 


40037 


40054 








40123 






Ml 


40140 






40193 




4022G 


4024; 


40361 


40278 


40296 






SS3 


40312 


4032! 


40346 




40381 


40398 


40415 


4043! 


40449 


40466 






SS4 


40483 


40500 


40518 


40635 


40568 


40569 


40586 










S» 


406S^ 


4067] 


40688 




40722 


40739 


40756 


"4077; 


4079D 


40807 




156 
M7 


4099: 


40841 
41010 


4086( 


40876 
41044 


40892 


4090! 


40926 




40960 
41138 


41146 






2SB 


41I6I 


4117! 


41196 


41212 


4129! 


41246 


4126; 


4l2ffl 


41296 


41313 






!fi9 


41330 




41363 


41380 


41397 


41414 


41430 


41447 


41464 






360 


'4149: 


"JTsTi 


41631 




41564 




4J597 


41614 


41631 


41647 




^1 




41681 


4169- 


41714 


41731 


41747 


41764 


41780 


41797 


41314 






MI 


4ie3< 


41847 




41880 


41896 


41913 


41929 


41946 


41963 


41979 






MS 


41996 


42012 


4202! 


49046 


42062 


43078 


42095 


42111 


48187 


42144 






(64 




42177 


4SI93 


42210 


42226 


42143 


42269 


49276 


42291 


42308 




16S 


"423Sfl 


4234 


42357 






«S6 


42433 


42439 


43456 


42472 




366 


49488 




4262i 


41637 


«!563 


41S70 


42S86 


4860S 


48619 








S67 


42661 






41700 


48716 


42731 


«749 


41768 


48781 


42797 






S68 


41813 


42830 


4S846 


43061 


48878 


41894 


4191 


41917 


4894S 


43969 






16D 


42976 


4299) 


43008 


430M 


43040 


43066 


4307!! 


43088 


43104 


431!I0 






43136 


4316! 


43169 


43186 


43^1 


43117 


4333; 


4324; 


43866 


43881 




871 


43297 




4332! 


43346 


4336 


43377 






43428 


43441 






17! 


434S7 


4347: 




43506 




43537 


4355; 


4356' 




43600 






ITS 


43616 


4.163i 


43648 


43664 


43681 


43696 


43719 


43737 


43743 


43769 






174 


43775 




43807 


43B23 


438S8 


43854 






43902 








439s:i 


43949 


4396i 


+3981 


43996 


4401; 


4402; 


44044 


44069 


44076 




S76 


44091! ^1<" 




44138 


44154 






4..80 


44917 


44232 






177 


44248 44264 


44379 


44395 


44311 


44321 


4434; 


44388 


4437; 


44389 






ITS 


44404 44420 


44431 


44401 


44467 


44483 




44514 


4468. 






_ 


179 


44560l 4'1676 




44607 




44638 


4466 


4466 


44700 




No. 


1 1 


'~g~ 


~3~ 


~"4~ 


^~ 


e 


—— 


_»-_ 


9 











LOOARITHMS OF 


NUMB 


SRS 












>il 


uoo — 


— 3 Hi 






Loc 4471a 53143 














3 1 4 






7 1 t 








BO 


4471b 


"44731 


"44717 


4476 1 44778 


~ivm 




'iim 


44840 


H8M 






III 


i5&-o 


44806 
45040 


4490" 
46066 


449r 


4491» 
46086 


4494H 


41%J 


419 ! 


44191 


4 OIO 








"83 


46179 


4S1J4 


4sao9 


45-25 


43-10 




4o 71 






4 tI7 








U 


4j332 


45347 


4S369 


46378 


45393 


4 411 


4j423 


46139 


4 154 


1 1.9 








45484 


45600 




45530 






4 7b 


iTflll 


4ir<lt 










4663: 


4665 


4566- 


45682 


45697 


4j71 


45728 


46743 


4 7 1, 










»B7 








45 V 






45879 


45094 


4 ICl 










288 


4693! 


459S' 


45 J6! 




46000 


46016 


46030 


4604^ 












B9 


46090 


46105 


461 


■161'>. 


Wl 


46166 


4fl80 


4619a 


46 i( 








2J0 


46 W 


46X56 






46301 


46318 


4r33fl 


leSTi 




40i74 






Dl 


46381 


4640- 


4riI9 


46434 


46419 


46464 


46479 


46494 


46509 


46583 








999 






1«568 


4650 


41.59^ 






4664S 


ir657 


46672 








M3 


4068: 


4n0" 


4 716 


4G711 


4674r 


4i7 1 


48776 


4G790 


46805 


463^0 








m 


4GS35 


4r860 


46% I 


4n 






46 3 


46938 


46953 


46167 






"95 




16J57 


-mu 














471 ]« 






'96 


471"J 


47144 


471 








47-3" 


47-46 


47261 










47 76 


47 90 


4730 








47371 


4739! 


4740T 








"98 


4742 


471 ir 














47553 








"19 


47 M? 


1 


^ 


- 


1 


4766^ 


*76B: 


47G98 
















47843 






JOI 
30 


47BJ-; 






179"! 


4794: 


479^8 
4810: 


47972 
48116 


47986 
48130 


















1 








1 




301 


1 












1 






















306 


















TO7 






































3()t 


I 


1 ( 1 


JJ_' ' 
















4 1% 












311 






















3J 


4I4H 


4J4 


















313 


41 j4 


U-*H 


















314 


491 ni 


41707 


417 


4J7J 


11 IC 


K 


1 


17 






315 










4 3 ., 










3tK 


4J9(< 


4JJil 


41JJ 


0010 


oOO 






















50147 


















310 


4; 


6025f 


60" i 




60 








)366 








319 


50379 


J0393 


50406 


50431 


6041 
















3^ 


60515 




50642 


"60556 


605 


3 


60137 








0(,..t 




J0691 


50 ( 






7 9 










3 








"6 


60840 










60907 








a-s 








50974 


60J 7 


jlOOl 




610"8 


61041 








324. 


' 






1 J-i 


51108 


511-1 


61135 


51148 




61170 






S-'j 




71242 


6126J 


51"68 


61282 




J1308 






3iC 
3"7 


m 


11 


11 1 


136" 
51495 


513 5 
51508 


51388 
51521 


61402 


51410 


6166) 


61574 














o16i^ 








6166-; 


6I6W 


jl693 


61706 








"9 


517 


5171' 




517^9 


5,770 


51780 


ol7H9 


51BU 


51825 


61833 




















1911- 




JJ 7 


51J70 






331 


51913 


51991, 


620(9 


















■532 


WIM 


521 7 


o'llJ 








1 1 I 












J 5 


















334 


a ^170 




5''HU 






- 




— 








5 Ml 












336 


5i634 


J 047 


fi-faLO 


6J- 1 


680 








37 


7« 








337 






6*789 


5«802 








62883 


64866 


5 8 9 








JJS 


5 49" 


5"'9(Jj 




62930 






59 69 




SS994 










339 


51020 


J1033 


6WM, 


6306S 


5W1 








j312- 


63135 






No  


) 1 




3 


4 1 If 


7 


S ■. 













LOGARITHMS OF NUMBERS. 










' No. S 


ii H 1 liCiOO 


• 








Log. 53148 60206. j 






No. 


1 I 2 1 


3 


4 


6 


6 1 7 , 


8 


9 




;uo 


f)3l4y 


53161 53173 


53186 


53199 


53212 532241 


53237 


53260 


53263 




34t 


63276 


63288 


63301 


63314 


63326 


63339 


53352 


63364 


63377 


53390 






342 


63403 


63415 


63428 


63441 


63453 


53466 


53479 


53491 


53604 


53517 






343 


63529 


63542 


63565 


63567 


63680 


63593 


53606 


63618 


63631 


63643 






344 


63666 


63668 


63681 


63694 


63706 


63719 


53732 


53744 


53757 


53769 




345 


63782 


63794 


53807 


63820 


63832 


63845 


53857 


53870 


53882 


53895 




346 


53908 


63920 


63933 


63945 


63968 


63970 


53983 


53995 


64008 


54020 






347 


54033 


54045 


64058 


64070 


54083 


64095 


54108 


54120 


64133 


54145 






348 


64158 


64170 


54183 


54195 


64208 


54220 


54233 


54245 


64258 


54270 






349 


64283 


54295 


54307 


54320 


64332 


64345 


54367 


54370 


64382 


54394 




350 


54407 


54419 


54432 


54444 


54466 


64469 


54481 


54494 


54506 


54518 




351 


54531 


54543 


54555 


64568 


«4580 


64593 


64605 


64617 


64630 


54642 






352 


64654 


64667 


54679 


54691 


64704 


54716 


64728 


64741 


64753 


54766 






353 


64777 


54790 


54802 


64814 


54827 


64839 


54851 


54864 


64876 


54888 






354 


64900 


54913 


64926 


64937 


54949 


64962 


54974 


54986 


64998 


55011 




355 


55023 


55035 


55047 


55060 


55072 


65084 


66096 


55108 


65121 


65133 




356 


56145 


55157 


65169 


55182 


55194 


55206 


55218 


55230 


55242 


55255 






357 


65267 


66279 


55291 


55303 


55315 


55328 


55340 


65352 


65364 


55376 






358 


65388 


66400 


65413 


55425 


66437 


55449 


55461 


66473 


66485 


55497 






359 


66509 


65522 


56634 


65546 


65558 


66670 


55582 


65594 


65606 


65618 




360 


55630 


65642 


55654 


55666 


65678 


55691 


55703 


56715 


65727 


55739 




361 


66761 


56763 


55776 


55787 


55799 


66811 


65823 


55835 


66847 


55859 






362 


66871 


55883 


66895 


65907 


56919 


66931 


65943 


55955 


65967 


55979 






363 


55991 


56003 


56015 


66027 


56038 


66050 


56062 


66074 


66086 


56098 






364 


56110 


66122 


56134 


66146 


56158 


66170 


56182 


56194 


56205 


66217 




365 


66229 


56241 


56253 


56265 


66277 


56289 


56301 


56312 


56324 


66336 




366 


56348 


56360 


56372 


66384 


66396 


66407 


56419 


56431 


56443 


66456 






367 


66467 


56478 


56490 


66602 


66514 


66526 


66538 


56549 


56561 


66573 






368 


66685 


56597 


66608 


56620 


66632 


56644 


56656 


56667 


66679 


56691 






369 


56703 


66714 


56726 


56738 


66750 


66761 


56773 


56785 


66797 


56808 




370 


56820 


56832 


56844 


56855 


66867 


66879 


56891 


56902 


56914 


56926 




371 


66937 


56949 


66961 


56972 


66984 


66996 


57008 


57019 


57031 


57043 






372 


67054 


57066 


57078 


67089 


67101 


67113 


57124 


57136 


57148 


57159 






373 


57171 


67183 


57194 


67206 


67217 


67229 


57241 


67252 


67264 


57276 






374 


57287 


67299 


67310 


67322 


67334 


57345 


57357 


67368 


57380 


57392 




375 


57403 


67415 


57426 


57438 


57449 


57461 


67473 


57484 


57496 


57507 




376 


57619 


57530 


67$42 


57553 


67565 


67576 


57588 


57600 


57611 


67623 






377 


67634 


57646 


67657 


57669 


67680 


67692 


57703 


67715 


57726 


57738 






378 


67749 


67761 


57772 


57784 


57795 


67807 


57818 


57830 


57841 


57862 






379 


67864 


67875 


57887 


57898 


67910 


57921 


67933 


57944 


57955 


67967 




380 


57978 


57990 


68001 


58013 


58024 


68035 


68047 


58058 


58070 


68081 




381 


68092 


58104 


58115 


68127 


68138 


58149 


58161 


58172 


58184 


58195 






382 


58206 


58218 


58229 


68240 


68252 


68263 


58274 


58286 


68297 


68309 






383 


58320 


58331 


68343 


58364 


68365 


68377 


68388 


68399 


68410 


68422 






384 


68433 


68444 


68456 


68467 


68478 


68490 


68501 


68612 


68624 


68636 




385 


68546 


58557 


'68569 


58580 


58691 


68602 


58614 


68625 


68636 


68647 


386 


68659 


58670 


^8681 


58692 


68704 


68715 


68726 


68737 


58749 


68760 






387 


68771 


68782 


68794 


68805 


68816 


68827 


68838 


68850 


58861 


68872 






388 


58883 


58894 


68906 


68917 


68928 


68939 


68950 


68961 


58973 


68984 






389 


68995 


59006 


69017 


59028 


69040 


69051 


69062 


59073 


69084 


69096 




390 


59106 


59118 


59129 


59140 


59151 


59162 


69173 


69184 


69195 


59207 




391 


69218 


69229 


69240 


69261 


69262 


69273 


69284 


69295 


59306 


69318 






392 


59329 


59340 


69361 


69362 


69373 


69384 


69396 


69406 


59417 


69428 






393 


69439 


59450 


59461 


69472 


69483 


69494 


69506 


69517 


59628 


69539 




• 


394 


59650 


69661 


69572 


69583 


69594 


69605 


69616 


69627 


59638 


59649 




395 


69660 


59671 


59682 


69693 


59704 


59716 


69726 


59737 


69748 


69759 




396 


69770 


69780 


69791 


69802 


69813 


69824 


69836 


59846 


69867 


59868 






397 


69879 


59890 


69901 


69912 


59923 


69934 


69945 


69956 


69966 


59977 






398 


69988 


69999 


60010 


60021 


60032 


60043 


60064 


60066 


60076 


60086 






399 


60097 


60108 


60119 


60130 


60141 


60152 


60163 


60173 


60184 


60196 




1 


No. 





1 


2 


3 


4 


5 


6 


7 


8 


9 



» ^ -— 





lOOAKITHMS OF HUMBEU. 






' 








__No 4000 


4-00 




l„g60m 66^6 1 




No 


1 1 


L 


_-• 


6 [ ■> 


S 


9 








eoaOG G0S17 6D 1 








00293 


603O4 






401 


eo3i 


60325 60J 






J7 


603^ 


6040 


60412 






40" 


604S 


60433 SIM 






im 


60498 


60B0S 


608S0 






403 




bOj-11 603 






6J 




60617 


60627 






404 


GOfiS 


60641 60 








6 71; 


60724 


60735 




4-6 


"effT* 






6083 


60B4 




406 


6086 








bO nl b-\-i2i 


>0«a8 


60949 






407 


60ta 








1 J 61034 


OI045 


61065 






408 












61 Ij 


01162 






409 


eii7 


<,II 








1 -1 


bl''57 


61 68 








IT^ 








01374 




411 

413 


6141 


6139 
6150f 


61 






61 ' 


61684 






415 


611" 


ricn 










61610 
















617  














618 7 


0186B 


















61962 




198 


6199J 


0-003 






I 






6"J66 


62076 
1! 


6 
IS 


6 OJ- 


bil07 
b''2ll 






1 








0; 


















6 418 






I 








62611 
6 613 


626"* 














62716 


62726 






* * 


6 






X 


b p a 


61818 


63819 




*Jfi 


bl83 


CS910 


62921 


62931 




*SE 


6294 








6301 


63022 


63033 






4S7 


6J04, 










(3114 


r3l24 


61134 






458 


63144 


G 1 








63205 


6J2I5 


63225 


03230 






429 


63°46 




Ufibb bSilb 


63 8b 


63296 


f3306 


63317 


63327 


63337 




430 


63347 


633j7 


63367 63377 


63387 


"S^ 


6J407 


6J4t 


634 8 


63438 




431 


6344B 


63458 


6346" 6347 


rstsp 


G341B 


6360B 


6351P 


636 8 


63538 






43£ 


6354B 1 T 7 






63609 


6'<61J 


6J629 


63639 








63b 4U 




1709 


637 U 


637aj 


63739 






13^1 


6374 






^0 


6 819 


63889 


63839 




43S 


e384J 




"63J19 


63929 


6J93J 




436 


63949 












640''8 


64038 






437 


64048 


blUj 64Urb 








64108 


64118 


64198 


61137 






43B 


(.4147 


64 57 


64167 




64187 


64197 


64207 


64217 


64"27 


&1237 






439 


642+b 


64256 


r+'Sb 


64 76 


64''86 


64"96 


64306 


64316 


64326 






440 


6434.5 


643^5 


643b5 




64J3o 


64395 


64404 


64414 


ewn 


64434 






64+44 


644o4 


64464 


64473 


64483 


64493 


64503 


64513 


64623 


64532 






442 


6484' 


64S6 


64562 


6467" 


6468" 


64591 


64601 


64611 




04631 






443 


64640 


64630 








64639 






64719 


64729 






444 


6473B 


64741! 


64761 


6476! 


6477-; 


64787 


64797 


648 J7 


64aib 


64826 




446 


64836 


6484b 








64885 








649-4 




4+r 


64933 




64963 


649r3 


649 " 


6498" 


64H9" 


65002 


65011 


65021 






447 


6S031 


65040 


esosol 


65060 


6S07O 


65071 


65069 


050J9 


65108 


66118 








651 ..S 


65137 


65147 


65167 


65107 


65176 


6518b 


6a1J6 




66215 






44t 


65i''5 


65234 


66944| 


e5£Mi 


6jS6J 


65"73 


65213 


6529 


6530" 


66312 






663°l 


66JJ1 


65341 


6635( 


65361 








65303 


6540S 




451 


65418 


65427 








6j4b6 


65*75 


6^485 


65*90 


65504 






45S 


65614 


656«1 


6'i533 


6 54; 


6655 




65671 


65581 


65o9! 


65600 








65610 


65619 


6J6S9 


6j639 


b564i 






65677 


65686 


65696 






4j4 


f5706 


6671 o 


6672o 


60714 




6o75J 


66763 


65772 


6578" 


66702 




4S6 


65801 


6S81I 


65820 


65830 


6j839 










65JB7 






6689f 


66306 


65916 


659^ 


6113 




(6954 


65963 


66973 


669BS 






457 


65992 


66001 


66011 


660SO 




fi 033 


66049 


6b05fi 


6606b 


C6077 






4BS 


66087 


G6096 


6n06 


66115 


6nl A 


061 




6615 


6016 


66172 










b6191 


66200 






66 21 


3t 


66 47 


66257 


66166 




_ 


No 





1 


3 


■> 


_*_ 




8 


9 



£^>-'^;'«B|^ 



LOOABITHMS Or MUliQW. 



rio.4600 5J00. Log. 66276 — -lliJOO. | 




No. 


1 2 


3 4 


5 


6 


7 1 8 


9 




460 


68276 662851 66295 


663041 66314 


66323 


66332 


663421 66351 


66361 




461 


66370 


66380 


66369 


66398 


66408 


66417 


66427 


66436 66445 


66456 






462 


66464 


66474 


66463 


66492 


66502 


66511 


66521 


66630 66639 


66549 




* 


46S 


66558 


66567 


66577 


66586 


66A96 


66605 


66614 


66624 


66633 


66642 






464 


66652 


66661 


66671 


66680 


66689 


66699 


66708 


66717 


66727 


66736 




466 


66745 


66755 


66764 


*66773 


66783 


66792 


66801 


66811 


66820 


66829 




466 


66839 


66848 


66857 


66867 


66876 


66885 


66894 


66904 


66913 


66922 






467 


66932 


66941 


66950 


66960 


66969 


66978 


66987 


66997 


G7006 


67015 






468 


67025 


67034 


67043 


67052 


67062 


67071 


67080 


67089 


67099 


67108 






469 


67117 


67127 


67136 


67145 


67154 


67164 


67173 


67182 


67191 


67201 




470 


67210 


67219 


67228 


67237 


67247 


67256 


67266 


67274 


67284 


67293 




471 


67302 


67311 


67321 


67330 


67339 


67348 


67357 


67367 


67376 


67386 






472 


67394 


67403 


67413 


67422 


67431 


67440 


67449 


67459 


67468 


67477 






479 


67486 


67496 


67504 


67514 


67523 


67532 


67541 


67550 


67660 


67569 






474 


67578 


67587 


67596 


67605 


67614 


67624 


67633 


67642 


67651 


67660 




475 


67669 


67679 


67688 


67697 


67706 


67715 


67724 


67733 


67742 


67752 




476 


67761 


67770 


67779 


67788 


67797 


67806 


67815 


67825 


67834 


67843 






477 


67852 


67861 


67870 


67879 


67888 


67897 


67906 


67916 


67925 


67934 ' 






478 


67943 


67952 


67961 


67970 


67979 


67988 


67997 


68006 


68016 


68024 






479 


68034 


68043 


68052 


68061 


68070 


68079 


68088 


68097 


68106 


1 68116 




480 


68124 


68133 


68142 


68151 


68160 


68169 


68178 


68187 


68196 


68205 




481 


68215 


68224 


68233 


68242 


68251 


.68260 


68269 


68278 


68287 


68296 




• 


482 


68305 


68314 


68323 


68332 


68341 


68350 


68359 


68368 


68377 


68386 






483 


68395 


68404 


68413 


68422 


68431 


68440 


68449 


68456 


63467 


68476 






484 


68485 


68494 


68502 


68611 


68520 


68529 


68538 


68547 


68556 


68565 




485 


68574 


68583 


68692 


68601 


68610 


68619 


68621; 


68637 


68646 


68655 




486 


68664 


68673 


68681 


68690 


68699 


68708 


68717 


68726 


68736 


68744 


 




487 


68763 


68762 


68771 


68780 


68789 


68797 


68806 


68815 


68824 


68833 






488 


68842 


68851' 68860 


68869 


68878 


68886 


68896 


68904 


68913 


68922 






489 


68931 


68940 


68949 


68958 


68966 


68976 


68934 


68993 


69002 


69011 




490 


69020 


69028 


69037 


69046 


69056 


69064 


69073 


69082 


69090 


69099 




491 


69108 


69117 


69126 


69135 


69144 


69162 


69161 


69170 


69179 


69188 






492 


69197 


69205 


69214 


69223 


69232 


69241 


69249 


69258 


69267 


69276 






493 


69285 


69294 


69302 


69311 


69320 


69329 


69338 


69346 


69365 


69364 






494 


69373 


69381 


69390 


69399 


69408 


69417 


69426 


694434 


69443 


69462 




495 


69461 


69469 


69478 


69487 


69496 


69604 


69513 


69622 


69631 


69539 




4d6 


69548 


69667 


69666 


69674 


69683 


69592 


69601 


69609 


69618 


69627 






497 


69636 


69644 


69663 


69662 


69671 


69679 


69688 


69697 


69706 


69714 






498 


69723 


69732 


69740 


69749 


69768 


69767 


69776 


69784 


69793 


69801 






499 


69810 


69819 


69827 


69836 


69846 


69864 


69862 


69871 


69880 


69888 




500 


69897 


69906 


69914 


,69923 


69932 


69940 


69949 


69958 


69966 


69976 




fiOl 


69984 


69992 


70001 


70010 


70018 


70027 


70036 


70044 


70053 


70062 






502 


70070 


70079 


70088 


70096 


70106 


70114 


70122 


70131 


70140 


70148 






503 


70157 


70165 


70174 


70183 


70191 


70200 


70209 


70217 


70226 


702S4 






sm 


70243 


70252 


70260 


70269 


70278 


70286 


70295 


70303 


70312 


70321 




505 


70329 


70338 


70346 


70355 


70364 


70372 


70381 


70339 


70398 


70406 




506 


70415 


70424 


70432 


70441 


70449 


70458 


70467 


70475 


70484 


70492 


« 




507 


70501 


70509 


70618 


70526 


70636 


70544 


70662 


70661 


70669 


70578 


' 




508 


70586 


70695 


70603 


70612 


70621 


70629 


70638 


70646 


70655 


70663 






509 


70672 


7Q680 


70689 


70697 


70706 


70714 


70723 


70731 


70740 


70749 




510 


70767 


70766 


70774 


70783 


70791 


70S00 


70808 


70817 


70826 


70834 




511 


70842 


70851 


70869 


70868 


70876 


70886 


70893 


70902 


70910 


70919 


1 




512 


70927 


70935 


70944 


70962 


70961 


70969 


70978 


70986 


70996 


71003 


• 




513 


71012 


71020 


71029 


71037 


71046 


71054 


71063 


71071 


71079 


71088 






514 


71096 


71106 


71113 


71122 


71130 


71139 


7U47 


71156 


71164 


71172 






515 ' 


71181 


7U89 


71198 


71206 


71214 


71223 


71231 


71240 


71248 


71257 


. 




516 


71265 


71273 


71282 


71290 


71299 


71307 


71315 


71324 


71332 


71341 1 




517 


71349 


71367 


71366 


71374 


71383 


71891 


71399 


71408 


71416 


71425 






518 


71433 


71441 


71450 


71458 


71466 


71475 


71483 


71492 


71600 


71503 




519 ' 


71617 


71628 


71633 


71642 


71550 


71659 71567 


71575 


71584 


71593 


t 


...i 


No. ! 





1 2 1 


3 4 i 


5 6 
— ' It ' •■»- 


7 18 1 


9^ 



3 



» .. 



• 


. 


- 




LOGAAITHMS OF NUMBERS. 










/Jo. ^ftbo — 


_580d. Log. 71600 76345. | 




No. 





1 2' 


3 


4 


5 1 6 


1 ^ 


8 


9 




620 


71600 


71609 


71617 


71625 


71634 


716421 716601 71669 


71667 


71676 


1 




621 


71684 


71692 


71700 


71709 


71717 


71726 


717341 71742 


71760 


71769 






622 


71767 


71776 


71784 


71792 


71800 


71809 


71817 


71826 


71634 


71842 






623 


71860 


71868 


71867 


71876 


71883 


71892 


71900 


71908 


71917 


71986 






624 


71933 


71941 


71960 


71968 


71966 


71976 


71983 


71991 


71999 


72008 




626 


72016 


72024 


72032 


72041 


72049 


72067 


72066 


72074 


72082 


7209G 


I 


626 


72099 


72107 


72116 


72128 


72132 


72140 


72148 


72166 


72166 


72178 






627 


72181 


72189 


72198 


72206 


72214 


72222 


72230 


1 72239 


72247 


72S66 






628 


72263 


72272 


72280 


72288 


72296 


72304 


72313 


72321 


72329 


79337 






629 


72346 


72354 


72362 


7«370 


72378 


72387 


72396 


72403 


72411 


72419 




650 


72428 


72*36 


72444 


72462 


72460 


72469 


72477 


72486 


72498 


72601 






631 


72509 


72618 


72526 


72634 


72642 


72560 


72658 
72640 


72667 


72576 


72683 






632 


72591 


72599 


72607 


72616 


72624 


72632 


72648 


72666 


72666 






633 


72673 


72681 


72689 


72697 


72706 


72713 


72722 


72730 


72788 


72746 






634 


72754 


72762 


72770 


72779 


72787 


72796 


72803 


72811 


72819 


73827 




535 


72836 


72843 


72B62 


72860 


72868 


72876 


72884 


72892 


72900 


72906 


• 


636 


72916 


72926 


72933 


72941 


72949 


72957 


72965 


72973 


72981 


72969 






637 


72997 


73006 


73014 


73022 


73030 


73038 


73046 


73054 


73062 


73070 






638 


73078 


73086 


73094 


73102 


73111 


73119 


73127 


73136 


73143 


73161 






639 


73159 


73167 


73175 


73183 


73191 


73199 


73207 


73216 


78223 


73231 




640 


78239 


73247 


73255 


73263 


73272 


73280 


73288 


73296 


73304 


73312 




641 


73320 


73328 


73336 


73344 


73352 


73860 


73368 


73376 


73384 


73392 






542 


73400 


73408 


73416 


73424 


73432 


73440 


'73448 


73466 


73464 


73472 






543 


73480 


73488 


73496 


73504 


73512 


73620 


73628 


73636 


73644 


73662 






544 


73560 


73568 


73576 


73684 


73592 


73600 


73608 


73616 


73624 


7363e 




646 


7364(1 


73648 


73656 


73664 


73672 


73679 


73687 


73696 


73703 


73711 




646 


73719 


73727 


73735 


73743 


73751 


73769 


73767 


73776 


73783 


73791 






647 


73799 


73807 


73815 


73823 


73830 


73838 


78846 


73864 


73862 


73879 






648 


73878 


73886 


7SK94 


73902 


73910 


73918 


73926 


73933 


73941 


73949 






549 


73957 


73965 


73973 73981 


73989 


73997 


74005 


74013 


74020 


74028 


' 


650 


74036 


74044 


74052 


74060 


74068 


74076 


74084 


74092 


74099 


74107 




651 


74115 


74123 


74131 


74139 


74147 


74156 


74162 


74170 


74178 


74186 






652 


74194 


74202 


74210 


74218 


74225 


74233 


74241 


74249 


7436T 


74266 






653 


74273 


74280 


74288 


74296 


74304 


74312 


74320 


74S27 


74336 


74343 






654 


74351 


74359 


74367 


74374 


74382 


74390 


74398 


74406 


74414 


74421 




555 


74429 


74437 


lU\o 


74453 


74461 


74468 


74476 


74484 


,74492 


74500 




656 


74507 


74516 


74523 


74531 


74539 


74547 


74554 


74662 


74570 


74678 






657 


74586 


74593 


74601 


74609 


74617 


74624 


74632 


74640 


74648 


74666 






658 


74663 


74671 


74679 


74687 


74695 


74702 


74710 


74718 


74726 


74733 






659 


74741 


74749 


74757 


74764 


74772 


74780 


74788 


74796 


74803 


74811 




560 


74819 


74827 


74834 


74842 


74850 


74858 


74865 


74873 


74881 


74889 




661 


74896 


74904 


74912 


74920 


74927 


74935 


74943 


74950 


74968 


74866 






662 


74974 


74981 


74989 


74»J97 


"76005 


75012 


76020 


76028 


76036 


76043 






663 


75051 


76069 


75066 


75074 


76082 


75089 


76097 


76105 


76113 


76120 






664 


75128 


75136 


76143 


75151 


75159 


751C6 


76174 


76182 


76189 


76197 




665 


75205 


75213 


76220 


75228 


76236 


75243 


76251 


76269 


76266 


75274 


* 


666 


75282 


75289 


76297 


75306 


75312 


76320 


76328 


76335 


76343 


75361 






667 


76358 


76366 


75374 


76381 


75389 


75397 


75404 


76412 


76420 


76427 






668 N 


76436 


76442 


76450 


75^58 


76465 


75473 


76481 


76488 


76496 


76604 






669 


76511 


76519 


76626 


75534 


76542 


76649 


76667 


76668 


76672 


75680 




670 


75587 


75696 


76603 


75610 


76618 


76626 


76633 


76641 


76648 


76666 




671 


75664 


75671 


76679 


75686 


76694 


76702 


76709 


75717 


76724 


76732 






672 


75*240 


76747 


76766 


75762 


75770 


76778 


76786 


76793 


76800 


7580B 






673 


76815 


76823 


75831 


76838 


75846 


76863 


76861 


76868 


76876 


76884 






674 


76891 


75899 


75906 


76914 


76921 


75929 


75937 


76944 


76962 


76969 




576 


759C7 


76974 


75982 


76989 


75997 


76006 


76012 


76020 


76027 


"76036 




676 


76042 


76050 


76067 


76066 


76072 


76080 


76087 


76096 


76103 


7S110 






677 


76118 


76125 


76133 


76140 


76148 


76165 


76163 


76170 


76178 


76186 






678 


76193 


76200 


76208 


76216 


76223 


76230 


76238 


76246 


76253 


7C260 






579 


76268 


76275 


76283 


76290 


76298 


76306 


76313 


76320 


76328 


76336 


^ 


r-^ 


J^o. 





1 


^.l^ 


3 


4 


6 


6 


_L. 8 


9 



,/ 



LOOAUTHM 9 OF NCIIBIRS. 





^^ vAAJV J»^t%r 


k 








T «^ji 


. <9tf«i*<t 


pAiSIO 


•" 1 


I«0. 9 






*«#«*•>«• - f 




No, 





1 


2 


3 , 


4 


6 


6 


7 


8 


9 




580 


76349 


76360 


76368 


76366 


76373 


76380 


76388 


76395 


76403 


76410 






Ml 


76418 


76425 


76433 


76440 


76448 


76465 


76462 


76470 


76477 


76485 






582 


76492 


76500 


76507 


76616 


76522 


76530 


76537 


76646 


76662 


76569 






583 


76667 


76574 


76682 


76689 


76697 


76604 


76612 


76619 


76626 


76634 






584 


76641 


76649 


76666 


76664 


76671 


76678 


76686 


76693 


76701 


76708 . 




586 


76716 


76723 


76730 


76738 


76746 


76763 


76760 


76768 


76775 


76782 




586 


76790 


76797 


76806 


76812 


76819 


76827 


76834 


76842 


76849 


76856 






587 


76864 


76871 


76879 


76886 


76893 


76901 


76908 


76916 


76923 


76930 






588 


76938 


76945 


76963 


76960 


76967 


76976 


76982 


76989 


76997 


77004 






589 


77012 


77019 


77026 


77034 


77041 


77048 


77056 


77063 


77070 


77078 




690 


77086 


77093 


77100 


77107 


77116 


77122 


77129 


77137 


77144 


77151 




691 


77169 


77166 


77173 


77181 


77188 


77196 


77203 


77210 


77217 


77225 






59t 


77232 


77240 


77247 


.77254 


77262 


77269 


77276 


77283 


77291 


77298 






593 


77305 


77313 


77320 


77327 


77335 


77342 


77349 


77357 


77364 


77371 






594 


77379 


77386 


77393 


77401 


77408 


77416 


77422 


77430 


77437 


77444 




595 


77452 


77459 


77466 


77474 


77481 


77488 


77495 


77503 


77510 


77517 




596 


77625 


77632 


77639 


77546 


77564 


77561 


77568 


77576 


77583 


77690 


' 




597 


77697 


77606 


77612 


77619 


77627 


77634 


77641 


77648 


77656 


77663 






698 


77670 


77677 


77685 


77692 


77699 


77706 


77714 


77721 


77728 


77735 






999 


77743 


77750 


77767 


77764 


77772 


77779 


77786 


77793 


77801 


77808 




600 


77816 


77822 


77830 


77837 


77844 


77861 


77869 


77866 


77873 


77880 




601 


77887 


77896 


77902 


77909 


77916 


77924 


77931 


77938 


77945 


77952 






60S 


77960 


77967 


77974 


77981 


77988 


77996 


78003 


78010 


78017 


78026 






603 


78032 


78039 


78046 


78063 


78061 


78068 


78075 


78082 


780C9 


78097 






604 


78104 


78111 


78118 


78125 


78132 


78140 


78147 
78219 


78164 


78161 


78168 




606 


78176 


78183 


78190 


78197 


78204 


78211 


78226 


78233 


78240 




€06 i 


78247 


78264 


78262 


78269 


78276 


78283 


7C290 


78297 


78305 


78312 






607 


78319 


78326 


78333 


78340 


78347 


78365 


78362 


78369 


78376 


7S383 






608 


78390 


78398 


78406 


78412 


78419 


78426 


78433 


78440 


78447 


73455 




' 


609 


78462 


78469 


78476 


78483 


78490 


78497 


78504 


78512 


78519 


73526 


- 


610 


78633 


78640 


78647 


78654 


78661 


78669 


78576 


7858^3 


78590 


78597 




6il 


78604 


78611 


78618 


78626 


78633 


78640 


78647 


78654 


78661 


78663 






612 


78676 


78682 


78689 


78696 


78704 


78711 


78718 


78725 


78732 


78739 






613 


78746 


78753 


78760 


78767 


78774 


78781 


78789 


78796 


78803 


78810 






614 


78817 


78824 


78831 


78838 


78845 


78852 


78859 


78866 
78937 


78878 


78880 




616 


78888 


78896 


78902 


78909 


78916 


78923 


78930 


78944 


78951 




616 


78958 


78965 


78972 


78979 


78986 


78993 


79000 


79007 


79014 


79021 






617 


79029 


79036 


79043 


79060 


79057 


79064 


79071 


79078 


79085 


79092 






618 


79099 


79106 


79113 


79120 


79127 


79134 


79141 


79148 


79155 


79162 






619 


79169 


79176 


79183 


79190 


79197 


79204 


79211 


79218 


79225 


79232 




620 


79239 


79246 


79253 


79260 


^ 79267 


79274 


192^1 


79288 


79295 


79302 




621 


79309 


79316 


79323 


79330 


79337 


79344 


79351 


79358 


79365 


79372 






622 


79379 


79386 


79393 


79400 


79407 


79414 


79421 


79428 


79435 


79442 


• 




623 


79449 


79456 


79463 


79470 


79477 


79484 


79491 


79498 


79605 


79j11 






624 


79618 


79626 


79532 


79639 


79646 


79553 


79660 


79667 


79574 


79581 




626 


79688 


79696 


79602 


79609 


79616 


79623 


79630 


79637 


79644 


7i;650 




626 


79667 


79664 


79671 


79678 


79686 


79692 


79699 


79706 


79713 


79720 






627 


79727 


79734 


79741 


79748 


79764 


79761 


79768 


79775 


79782 


79789 






628 


79796 


79803 


79810 


79817 


79824 


79831 


79837 


79844 


79851 


71)853 






629 


79865 


79872 


79879 


79886 


79893 


79900 


79906 


79913 


79920 


.79927 




680 


79934 


79941 


79948 


79956 


79962 


79969 


79973 


7998:5! 


79989 


799^6. 




631 


80003 


80010 


80017 


80024 


80030 


80037 


800^^1^ 


80051 


80058 


80065 


> 




632 


80072 


80079 


80085 


80092 


80099 


80106 


80113 


80120 


80127 


80134 






633 


80140 


80147 


80154 


80161 


8016^ 


80175 


80182 


80188 


30195 


80202 






634 


80209 


80216 


80223 


80229 


80236 


80243 


80250 


80237 


802C4 


80271 




636 


802771 


80284 


80291 


80298 


80305 


80312 


80318 


80325 


80332 


80339 




636 


80346 


80363 


80359 


80366 


80373 


80380 80387 


80393 


80400 


80407 


* 




637 


80414 


80421 


80428 


80434 


80441 


80448 


80455 


80462 


804G8 


80i75 


• 1 




638 


80482 


80489 


80496 


eoim 


80509 


80516 


80523 


00530 


80556 


80643 


1 
1 




639 


80650 


80667 


80564 


80570 


80577 


80684 


80591 


80598 


30604 80611 




No. 


I. 1 


2 


3 4 1 


6.6 7 


.^^ L 9 1 



» » - ' 











I^OGAKITHM^ OF NU^BSES, 




m 






No. 6400 ^000. 






1.0ft. 80618 ^84810. 






No. 





1 


1 « 


" 3 


4 


6 


6 


7 


8 9 






I 640 


80618 


80625| :80632 


80638 


80645 


80662 


80669 


80666 


80672 80679 






641 


80686 


80693 


80699 


80706 


80713 


80720 


80726 


80739 


80740 80747 






642 


80754 


80760 


e0767 


80774 


80781 


80787 


80794^ 


80801 


80808 


80814 






643 


80821 


80828 


80835 


80841 


80848 


808^5 


80862 


80868 


80876 


80882 




 


644 


80889 


80895 


80002 


^909 


80916 


80922 


80929 


80936 


80943 


80949 




646 


80956 


80963 


80969 


80976 


80983 


80990 


80996 


81003 


81010 


81017 






646 


81023 


81030 


81037 


81043 


81060 


81067 


81064 


81070 


81077 


i810a4 






647 


81090 


81097 


81104 


81111 


81117 


81124 


81131 


81137 


81144 


81161 






648 


81158 


81164 


81171 


81178 


81184 


81191 


81198 


81204 


81211 


81218 






649 


81224 


81231 


81238 


81245 


81251 


81258 


81266 


81271 


81278 


81286 




650 


81291 


81298 


81305 


81311 


81318 


81325 


81331 


81338 


81346 


81351 




651 


81358 


81365 


81371 


81378 


81386 


81391 


81398 


81406 


81411 


^1418. 






652 


81425 


81431 


8143^ 


81445 


81451 


81458 


81465 


8147 ^ 


81478 


81486 






653 


81491 


81498 


81505 


81511 


81518 


81525 


'81631 


81638 


81644 


81661 






654 


81558 


81564 


81671 


81578 


81684 


81591 


81608 


81604 


81611 


81617 




655 


81624 


81631 


81637 


81644 


81651 


81657 


81664 


81671 


81677 


81684 




656 


81690 


81697 


81704 


81710 


81717 


81723 


81730 


81737 


81743 


81760 


i 


1 


657 


81757 


81763 


81770 


81776 


81783 


81790 


81796 


81803 


81809 


81816 






658 


81823 


81829 


81836 


81842 


81849 


81856 


81862 


81869 


81876 


81882 






659 


81889 


81895 


81902 


81908 


81915 


81921 


81928 


81936 


81941 


«1948 




660 


81954 


81961 


81968 


81974 


81981 


81987 


81994 


82000 


82007 


82014 




G61 


82020 


82027 


82033 


82040 


82046 


82053 


82060 


82066 


82073 


82079 






662 


82086 


82092 


82099 


82106 


82112 


82119 


82125 


82132 


82138 


82146< 




f 


663 


82151 


82158 


82164 


82171 


82178 


82184 


82191 


82197 


82204 


82210. 






664 


82217 


82223 


82230 


82236 


00 00 
00 ^ 


82249 


82256 


82263 


82269 


82976 


• 


665 


82282 


82289 


82295 


82302 


82315 


82321 


82328 


82334 


82341 




666 


82347 


82354 


82360 


82367 


82373 


82380 


82387 


82393 


82400 


82406 






667 


82413 


82419 


82426 


82432 


82439 


82445 


82452 


82468 


82466 


82471 


 




668 


82478 


82484 


82491 


82497 


82604 


82510 


82517 


82523 


82530 


82636 




• 


669 


82543 


82549 


82556 


82562 


82669 


82575 


82582 


82688 


82695 


82601 


• 


670 


82607 


82614 


82620 


82627 


82633 


82640 


82646 


82653 


82659 


82666 




671 


82672 


82679 


82685 


82692 


82698 


82706 


82711 


82718 


82724 


82790 






672 


82737 


82743 


82760 


82756 


82763 


82769 


82776 


82782 


82789 


82796 






673 


82802 


82808 


82814 


82821 


82827 


82834 


82840 


82847 


82863 


82860 






674 


828G6 


82872 


82879 


82885 


82892 


82898 


82906 


82911 


82918 


82924 




675 


82930 


82937 


82943 


82950 


82956 


82963 


82969 


82975 


82982 


82988 




676 


82996 


83001 


83008 


83014 


83020 


83027 


83033 


83040 


83046 


83062 






677 


83059 


83065 


83072 


83078 


83086 


83091 


83097 


83104 


83110 


83117 






678 


83123 


83129 


83136 


83142 


83149 


83156 


83161 


83168 


83174 


83181 






679 


83187 


83193 


83200 


83206 


83213 


83219 


83225 


83232 


83238 


83245 




680 


83251 


83257 


83264 


83270 


83276 


83283 


83289 


83296 


83302 


83308 




681 


83315 


83321 


83327 


83334 


83340 


83347 


83353 


83359 


83366 


83372 






682 


83378 


83385 


83391 


83398 


83404 


83410 


83417 


83423 


83429 


83496 






683 


83442 


83448 


83455 


83461 


83467 


83474 


83480 


88487 


83493 


83499 






684 


83506 


83512 


83518 


83525 


83531 


83537 


83544 


83550 


83556 


83563 




685 


83569 


83575 


83582 


83588 


83594 


83601 


83607 


83613 


83620 


83626 




686 


83632 


83639 


83645 


83651 


83658 


83664 


83670 


83677 


83683 


836»9 






687 


83696 


83702 


83708 


83716 


83721 


83727 


88734 


83740 


83746 


83763 






638 


83759 


83765 


83771 


83778 


83784 


83790 


83797 


83803 


83809 


83816 






689 


83822 


83828 


83835 
83897 


83841 


83847 


83853 


83860 


83866 


83872 


83879 




690 


83885 


83891 


83904 


83910 


83916 


83923 


83929 


83936 


•83942 


 


691 


83948 


83954 


83960 


83967 


83973 


83979 


83985 


83992 


83998 


84004 






692 


84011 


84017 


84023 


84029 


84036 


84042 


84048 


84056 


84061 


84067 


. 




693 


84073 


84080 


84086 


84092 


84098 


84105 


84111 


84117 


84123 


84130 






694 


84136 


84142 


84148 


84155 


84161 


84167 


84173 


84180 


84186 


84192 




695 


84198 


84205 


84211 


84217 


84223 


84230 


84236 


84242 


84248 


84256 




696 


84261 


84267 


84273 


84280 


84286 


84292 


84298 


84305 


84311 


84317 


 




697 


84323 


84330 


84336 


84342 


84343 


84354 


84361 


84367 


84373 


843T9 






698 


04386 


84392 


84398 


84404 


84410 


84417 


84423 


84429 


84435 


8444« 






699 


8444U 


84454 


84460 


84466 


84473 


84479 


84485 84491 


84497 


84504 




* 


Wo, 





I 


2 


3 


4 


5 


6 7 


8 ! 9 













LOOABITHMS OF NUMBERS. 










NO.7J000 ^7600. Log. 84 


Slf> 


.— StRflftl 


r-^ 




—^^pilBf. 






No. 


0. 


1 


2 


3.4 


5 6 


7 


8 


9 




700 


84610 


84616 


84622 


84628 84636 


84641 84647 


84663 84669 


84566 




701 


84672 


84578 


84684 


84690 


84697 


8460^ 


84609 


84615 


84621 


84628 






702 


84634 


84640 


84646 


84662 


84668 


84665 


84671 


84677 


84683 


84689 






703 


8469Q 


84702 


84708 


84714 


84720 


84726 


84733 


84739 


84745 


84761 






704 


84757 


84763 


84770 


84776 


84782 


84788 


84794 


84800 


84807 


34813 


* 


70© 


84819 


84826 


84831 


84837 


84844 


84860 


84866 


84862 


84868 


84874 




706 


84880 


84887 


84893 


84899 


84905 


8491 r 


84917 


84924 


94930 


84936 






707 


84942 


84948 


84964 


84960 


84967 


94973 


84979 


84986 


94991 


84997 






708 


86003 


86009 


86016 


86022 


85028 


86034 


86040 


86046 


86052 


86068 






709 


86066 


86071 


86077 


86083 


86089 


86096 


85101 


86107 


85114 


86120 




710 


8612^ 


86132 


86138 


86144 


86160 


86166 


86163 


86169 


85176 


86181 




711 


86187 


86193 


86199 


86206 


85211 


86217 


86224 


86230 


96236 


86242 






712 


86248 


86SS64 


86260 


8626.6 


86272 


85278 


86286 


86291 


85297 


86303 






713 


86309 


86316 


86321 


86327 


86333 


86339 


86346 


86362 


85358 


86364 






714 


86370 


86376 


86382 


86388 


86394 


86400 


86406 


86412 


85419 


86426 




716 


86431 


86437 


86443 


86449 


86466 


86461 


86467 


86473 


86479 


86486 




716 


86491 


86497 


86603 


86609 


86616 


86622 


86628 


85534 


85640 


96646 






717 


86662 


86668 


86664 


86670 


86676 


86682 


85688 


86694 


86600 


86606 






710 


86612 


86618 


86626 


86631 


86637 


86643 


86649 


86666 


86661 


86667 






719 


86673 


86679 


96686 


86691 


86697 


86703 


86709 


86716 


86721 


96727 




720 


8673^ 


86739 


86746 


86761 


86767 


86763 


86769 


86776 


86781 


86788 




721 


86794 


86800 


86806 


86812 


86818 


86824 


86830 


86836 


86842 


86848 






722 


86864^ 


86860 


85866 


86872 


86878 


86884 


86890 


86896 


86902 


85908 






723 


86914 


86920 


86926 


86932 


86938 


86944 


86960 


86956 


86962 


86968 






724 


86974 


86980 


86986 


86992 


86998 


86004 


86010 


86016 


86022 


86028 




72d 


86034 


86040 


86046 


86062 


86068 


86064 


86070 


86076 


86082 


86088 




lU 


86094 


86100 


86106 


86112 


86118 


86124 


86130 


86136 


96141 


86147 






727 


86163 


86169 


86166 


86171 


86177 


86183 


86189 


86196 


86201 


86207 






728 


86213 


86219 


86226 


86231 


86237 


86243 


86249 


86266 


86261 


86267 






72S 


86278 


86279 


86286 


86291 


86297 


86303 


86308 


86314 


86320 


86326 




730 


86332 


86338 


86344 


86360 


86366 


86362 


86368 


86374 


86380 


86386 




731 


86392 


86398 


86404 


86410 


86416 


86421 


86427 


86433 


86439 


86445 






732 


86461 


86467 


86463 


86469 


86476 


86481 


86487 


86493 


86499 


96604 






733 , 


86610 


86616 


86622 


86628 


86634 


86640 


86646 


86662 


86668 


86664 






734 


86670 


86676 


86681 


86587 


86693 


86699 


86606 


86611 


86617 


86623 




73d 


86629 


86636 


86641 


86646 


86662 


86668 


86664 


86670 


86676 


86682 




736 


86688 


86694 


86700 


86706 


86711 


86717 


86723 


86729 


86735 


96741 






737 


86747 


86763 


86769 


86764 


86770 


86776 


86782 


8^88 


86794 


86800 






738 


86806 


86812 


86817 


86823 


86829 


86836 


86841; 


86847 


86863 


86859 






739 


86864 


86870 


86876 


86882 


816888 


86894 


86900 


86906 


86911 


86917 




740 


86923 


86929 


86936 


86941 


86947 


86963 


86968 


86964 


86970 


86976 




741 


86982 


86988 


86994 


.86999 


87006 


87011 


87017 


87023 


87029 


87036 






lU 


, 87040 


87046 


87062 


87058 


87064 


87070 


8^7076 


87081 


87087 


87093 






743 


87099 


87106 


87111 


87116 


87122 


87128 


8713« 


87140 


87146 


87151 






744 


87167 


87163 


87169 


87176 


87181 


87186 


87192 


87198 


87204 


87210 




74d 


87216 


87221 


87227 


87233 


87239 


87246 


87261 


87266 


87262 


87268 




746 


Bm4, 


87280 


87286 


87291 


87297 


87303 


87S0S 


87316 


87320 


87326 






747 


87332 


87338 


87344 


87349 


87366 


87361 


87367 


87373 


87379 


97384 






748 


87390 


87396 


87402 


87408 


87418 


87419 


87426 


87431 


87437 


87442 






749 


87448 


87464 


87460 


87466 


87471 


87477 


87483 


87489 


87495 


87609 


 


7^ ' 


87506 


87612 


87618 


87623 


87629 


87635 


87641 


87647 


87662 


87668 




7^1 


87664 


87670. 


87676 


87681 


87687 


87693 


87599 


87604 


87610 


87616 






762 


87622 


87628 


87633 


87639 


87646 


87651 


87666 


87662 


87668 


87674 






763 


87679 


87686 


87691 


87697 


87703 


87708 


87714 


87720 


87726 


87731 






764 


87737 


87743 


87749 


87734 


87760 


87766 


87772 


87777 


87783 


87789 


, 


756 


87796 


87800 


87806 


8781^ 


87818 


87823 


87829 


87836 


87841 


87846 




766 


87862 


87868 


87864 


87869 


87876 


87881 


87887 


87892 


87898 


87904 






U1 


87910 


87916 


87921 


87927 


87933 


87938 


87944 


87950 


87966 


87961 


r 




768 


87967 


87973 


87978 


87984 


87990 


87996 


88001 


88007 


88013 


88018 






769 


880fi4j 88030 


88036 


88041 


88047 


88063 


88068 


88064 


88070 


86076 






No. 


1 . 




8 


4 


5 


6 1 


7' 


B 


9 ' 



-,^/:. 











L0GAUTHM8 OF NUMBEX8. . 










No. 7600 -8200. 


Log. 88081 


'91381. ) 




No. 





1 


2 


3 


4 6 1 


6 7 , 8 1 


9 






760 


88081 


8808V 


88093 


^8098 


88104 


88110 


88116 


88121 


88127 


8ai83 




761 


88138 


88144 


88160 


88166 


88161 


88167 


88173 


88178 


88184 


88190 






762 . 


88196 


88201 


88207 


88213 


88218 


88224 


88230 


88236 


88241 


88247 






763 


88262 


88268 


88264 


88270 


88276 


88281 


88287 


88292 


88298 


88304 






764 


88309 


88316 


88321 


88326 


88332 


88338 


88343 


88349 


88365 


88360 




765 


88366 


88372 


88377 


88383 


88389 


88396 


88400 


88406 


88412 


88417 




766 


88423 


88429 


88434 


88440 


88446 


88461 


88467 


88463 


88468 


88474 






767 


88480 


88496 


88491 


88497 


88662 


88606 


88613 


88519 


88626 


88630 






768 


88636 


88642 


88647 


88653 


88669 


88664 


88570 


88676 


88681 


88687 




' 


769 


88693 


88698 


88604 


88610 


88616 


88621 


88627 


88632 


88638 


88643 




770' 


88649 


88666 


88660 


88666 


88672 


88677 


88683 


88689 


88694 


88700 ' 


 


771 


88706 


88711 


88717 


88722 


88728 


88734 


88739 


88746 


88760 88766 






. 772 


88762 


88767 


88773 


88779 


88784 


88790 


88795 


88801 


88807 


88812 






*^ 778 


88818 


88824 


88829 


88836 


88840 


88846 


88852 


88857 


88868 


88868 






774 


88874 


88880 


88886 


88891 


88897 


88902 


88908 


88913 


88919 


88926 




776 


88930 


88936 


88941 


88947 


88953 


88968 


88964 


88969 


88976 


88981 




776 


88986 


88992 


88997 


89003 


89009 


89014 


89020 89026 


8908> 


89037 






777 


89042 


89048 


89063 


89059 


89064 


89070 


89076 


89081 


89087 


89092 






778 


89098 


89104 


89109 


89116 


8&120 


89126 


89131 


89137 


89143 


89148 




• 


779 


89164 


89169 


89166 


89170 


89176 


89182 


89187 


89193 


89198 


89204 




780 


89209 


89216 


89221 


89226 


89232 


89237 


89243 


89248 


89264 


89260 




781 


89266 


89271 


89276 


89282 


89287 


89293 


89298 


89304 


89310 


89315 






782 


89321 


89326 


89332 


89337 


89343 


89348 


89364 


89360 


89366 


89371 






783 


89376 


89382 


89387 


89393 


89398 


89404 


89409 


89415 


89421 


89426 




* 


784 


89432 


89437 


89443 


89448 


89464 


89459 


89466 


89470 


89476 


89481 




786 


89487 


89492 


89498 


89604 


89609 


89616 


89620 


89626 


89631 


89637 




786 


89642 


89648 


89663 


89669 


89664 


89570 


89676 


89681 


89586 


89692 






787 


89697 


89603 


89609 


89614 


89620 


89626 


89631 


89636 


89642 


89647 






788 


89663 


89668 


89664 


89669 


89676 


89680 


89686 


89691 


89697 


89702 






789 


89708 


89713 


89719 


89724 
89779 


89730 


89736 


89741 


89746 


89762 


89757 




790 


89763 


89768 


89774 


89786 


89790 


89796 


89801 


89807 


89812 




791 


89818 


89823 


89829 


89834 


89840 


89846 


89861 


89866 


89862 


89867 






792 


89873 


89878 


89883 


89889 


89894 


89900 


89906 


89911 


89916 


89922 






793 


89927 


89933 


89938 


89944 


89949 


89966 


89960 


89966 


89971 


89977 




- 


794 


89982 


89988 


89993 


89998 


90004 


90009 


90016 


90020 


90026 


90031 




796 


90037 


90042 


90048 


90063 


90069 


90064 


90069 


90075 


90080 


90086 




796 


90091 


90097 


90102 


90108 


90113 


90119 


90124 


90129 


90186 


90140 






797 


90146 


90161 


90167 


90162 


90168 


90173 


90179 


90184 


90189 


90195 






798 


90200 


90206 


90211 


90217 


90222 


90227 


90233 


90238 


90244 


90249 






799 


90266 


90260 


90266 


90271 


90276 


90282 


90287 


90293 


90298 


90304 




800 


90309 


90314 


,90320 


90326 


90331 


90336 


90342 


90347 


90362 


90358 




801 


90363 


90369 


90374 


90380 


90386 


90390 


90396 


90401 


90407 


90412 






802 


90417 


90423 


'90428 


90434 


90439 


90446 


90450 


90455 


90461 


90466 






803 


90472 


90477 


90482 


90488 


90493 


90499 


90604 


90609 


90516 


90520 




• 


804 


90626 


90631 


90636 


90642 


90647 


90663 


90668 


90663 


90669 


90674 




806 


90680 


90686 


90690 


90696 


90601 


90607 


90612 


90617 


90623 


90628 




806 


90634 


90639 


90644 


90660 


90656 


90660 


90666 


90671 


90677 


90682 






807 


90687 


90693 


90698 


90703 


90709 


90714 


90720 


90726 


90730 


90736 






808 


90741 


90747 


90762 


90767 


90763 


90768 


90773 


90779 


90784 


90789 






809 


90796 


90800 


90806 


90811 


90816 


90822 


90827 


90832 


90838 


90848 




810 


90849 


90864 


90869 


90866 


90870 


90876 


90881 


90886 


90891 


90897 




811 


9090!i 


90907 


90913 


90918 


90924 


90929 


90934 


90940 


90946 


90960 






812 


90966 


90961 


90966 


90972 


90977 


90982 


90988 


90993 


90998 


91004 






813 


91009 


91014 


91020 


91026 


91030 


91036 


91041 


91046 


91062 


91067 






814 


91062 


91068 


91073J 91078 


91084 


91089 


91094 


91100 


91106 


91110 




816 


91116 


91121 


91126 


91132 


91137 


91142 


91148 


91153 


91168 


91164 




816 


91169 


91174 


91180 


91186 


91190 


91196 


91201 


91206 


91212 


91217 






817 


91222 


91228 


91233 


91238 


91243 


91249 


91264 


91269 


91266 


91270 






. 818 


91276 


91281 


91286 


91291 


91297 


91302 


91307 


91312 


91318 


91323 







819 


91328 


91334 


91339 


91344 91350 


91366 


91360 


91365 


91371 


91376 




No. 





1 1 '2 


3 4 


6 


6 


7 


8 


9 



« I 











LOGARITHMS OF 


NUMBERS. 










Ko.8M- 8800. 


I^g^ 


91381 94448. | 




No. 


1 


2 


3 


4 1 5 


6 1 7 


8 


9 




820 


91381 


91387 


91392 


91397 


9I403I 91408 


914131 91418 


91424 


91429 




821 


91434 


91440 


91446 


91450 


91455 


91461 


91466 


91471 


91477 


91482 






823 


91487 


91492 


91498 


91503 


91508 


91614 


91619 


91624 


91529 


91536 






829 


91640 


91545 


91651 


91566 


91661 


91666 


91672 


91577 


91582 


91587 






824 


91593 


91598 


91603 


91609 


91614 


91619 


91624 


91630 


91636 


91640 




825 


91645 


91661 


91656 


91661 


91666 


91672 


91677 


91682 


91687 


91693 




826 


91698 


91703 


91709 


91tl4 


91719 


91724 


91730 


91735 


91740 


91745 






827 


m6i 


91766 


91761 


91766 


91772 


91777 


91782 


91787 


91793 


91798 






828 


91803 


91808 


91814 


91819 


91824 


91829 


91834 


91840 


91845 


91850 






829 


91855 


91861 


91866 


91871 


91876 


91882 91887 


91892 


91897 


91903 




830 


91908 


91913 


91918 


91924 


91929 


91934 


91939 


91944 


91950 


91956 






831 


91960 


91966 


91971 


91976 


91981 


91986 


91991 


91997 


92002 


92007 






832 


92012 


92018 


92023 


92028 


92033 


92038 


92044 


92049 


92064 


9S059 






833 


92065 


92070 


92075 


92080 


92085 


92091 


92096 


. 92101 


99f06 


92111 






834 


92117 


92122 


92127 


92132 


92137 


92143 


9214^ 


92153 


92168 


92163 




835 


92169 


92174 


92179 


92)84 


92189 


92195 


92200 


92206 


92210 


92215 




836 


92221 


92226 


92231 


92236 


92241 


92247 


92252 


92267 


92262 


92267 






837 


92273 


92278 


92283 


92288 


92293 


92298 


92304 


92309 


92314 


92319 






838 


92324 


92330 


92336 


92340 


92345 


92360 


92353 


92361 


92366 


92371 






839 


92376 


92381 


92387 


92392 


92397 


92402 


92407 


92412 


92418 


92423 




840 


92428 


92433 


92438 


92443 


92449 


^2454 


92469 


9S464 


92469 


92474 




841 


92480 


92485 


92490 


92495 


92500 


92657 


92511 


92516 


92621 


92526 






842 


92531 


92536 


92642 


92547 


92662 


92662 


92667 


92572 


92578 






848 


92583 


92588 


92593 


92598 


92603 


92609 


92614 


. 92619 


92624 


92629 






844 


92634 


92639 


92646 


92650 


92665 


92660 


92666 


92670 


92675 


92681 


' 


846 


92686 


92691 


92696 


92701 


92706 


92711 


92716 


92722 


92727 


92732 




846 


92737 


92742 


92747 


92762 


92758 


92768 


92768 


92773 


92778 


92783 






847 


92788 


92793 


92799 


92804 


92809 


92814 


92819 


92824 


92829 


92834 






848 


92840 


92846 


92860 


92866 


92860 


92865 


92870 


92875 


192881 


92886 






849 


92891 


92896 


92901 


92906 


92911 


92916 


92921 


92927 


92932 


92937 




850 


92942 


92947 


92952 


92957 


92962 


92967 


92973 


92978 


92983 


92988 




851 


92993 


92998 


93003 


93008 


93013 


93018 


93024 


93029 


93034 


93059 






852 


93044 


93049 


93064 


93069 


93064 


93069 


93075 


93080 


93086 


93090 


, 




863 


93095 
9ll46 


93100 


93106 


93110 


93116 


93120 


93125 


93131 


93136 


93141 






854 


93161 


93156 


93161 


93166 


93171 


93176 


93181 


93186 


93192 




856 


93197 


93202 


93207 


93212 


93217 


93222 


93227 


93232 


9S237 


93242 




d56 


93247 


93262 


93268 


93263 


93268 


93273 


93278 


93283 


93288 


93293 






857 


93298 


93303 


93308 


93313 


93318 


93323 


93328 


93334 


93339 


93344 






868 


93349 


93364 


93369 


93364 


93369 


93374 


93379 


93384 


93389 


93394 






859 


93399 


93404 


93409 


93414 


93420 


93425 


93430 


93435 


93440 


93446 


 


860 


93450 


93455 


93460 


93466 


93470 


93475 


93480 


93485 


93490 


93496 




861 


93500 


93605 


93610 


98616 


93620 


93626 


93531 


93536 


93541 


93646 






862 


93551 


93666 


9366] 


93666 


93571 


935761 


93581 


93586 


93591 


93596 






863 


93601 


93606 


93611 


93616 


.93621 


93626 


93631 


93636 


93641 


93646 






864 


93661 


93666 


93661 


93666 


93671 


93676 


93682 


93687 


93692 


93697 




B6b 


93762 


93707 


9871» 


93717 


93722 


93727 


93732 


93737 


93742 


93747 ' 




866 


93752 


93767 


93762 


93767 


93772 


93777 


93782 


93787 


93792 


93797' 






867 


93802 


93807 


93812 


93817 


93822 


93827 


93832 


93837 


93842 


93847 






868 


93852 


93867 


93862 


93867 


93872 


93877 


93882 


93887 


93892 


93897 






869 


93902 


93907 


93912 


93917 


93922 


93927 


93932 


93937 


93942 


93947 




870 


. 93962 


93967 


93962 


93967 


93972 


93977 


93982 


93987 


93992 


93997 




871 


94002 


94007 


94012 


94017 


94022 


94027 


94032 


94037 


94042 


94047 






872 


94065i 


94067 


94062 


94067 


94072 


94077 


94082 


94086 


94091 


94096 






873 


94101 


94106 


94111 


94116 


94121 


94126 


94131 


94136 


94141 


94146 






874 


94161 


94166 


94161 


94166 


94171 


94176 


94181 


94186 


94191 


94196 




875 


94201 


94206 


9/I&11 


94216 


94321 


94226 


94231 


94236 


94240 


94246 




876 


94250 


94256 


94260 


94266 


94270 


94276 


94280 


94286 


94290 


94296 






877 


94300 


94306 


94310 


94816 


94320 


94326 


94330 


94335 


94340 


94346 




» 


878 


94349 


94364 


94359 


94364 


94369 


94374 


94379 


94384 


94389 


94394 






879 


94399 


94404 


94409 


94414 


94419 


94424| 94429 


94433 


94438 


94443 


1 


No, 


1 1 1 


3 


3 


4 


^ « . 


7 


8 


9 


1 



LOOABITHMS OV NtTMBBBS. 



Lo^. 94446 &fSi9. 



No. saeo — ^9400. 



No. 



880 
881 
882 
883 
884 



885 
886 
887 
888 
889 



890 
891 
892 
893 
894 



94448 
94498 
94547 
94696 
94645 



1 



944531 
94503 
9455S 
94601 
94650 



94694 
94743 
9479S 
94841 
948 



94699 
94748 
94797 
94846 
94895 



9493 

949881 

95036 

95085 

95134 



94458 
94507 
94557 
94606 
94655 



94463 
94512 
94562 
94611 
94660 



94704 
94753 
94802 
9485] 
94900! 



895 
896 
897 
898 
899 



900 
901 
902 
903 
904 



905 
906 
907 
908 
909 



951821 

95231 

95279 

95328 

95376 



95424 
95472 
95521 
95569 
95617 



910 
911 
912 
913 
914 



 



915 
916 
917 
918 
919 



920 

921 
922 
923 
924 



94944 

94993 

95041 

95090] 

95139 



95187 
95256 
95284 
95332 
95381 



94949 
94998 
95046 
95095 
95143 



95192 
95240 
95289 
96337 
95386 



94709 
94758 
94807 
94856 
94905 



94468 
94517 
94567 
94616 
946651 



g I 
94473r 
94522 
94571 
94621 
946701 



« 1 7 



8 



94954 
95002 
95051 
95100 
95148 



95197 
95245 
95294 
95342 
95390 



95429 
95477 
95525 
95574 
95622 



95665 
95713 
95761 
95809 
95856 



95904 
95952 
95999 
96047 
96095 



96142 
96190 
9(5237 
96284 
96332 



925 
926 
927 
928 
929 



930 
931 
932 

933 
934 



96379 
96426 
96473 
96520 
96567 



95670 
95718 
95766 
^5813 
95861 



95434 
95482 
95630 

95578 
95626 



95674 
95722 
95770 
95818 
95866 



95909 
95957 
96004 
96062 
96099 



96147 
96104 
962^2 
96289 
96336 



963841 

96431 

96478 

96525 

96572 



96614J 
96661 
96708 
96755 
96802 



935 
936 
937 
938 
939 



I No. 



96848 
96895 
96942 
96988 
97035 



97081 
97128 
97174 
97220 
97267 







96619 
96666 
96tl3 
96759 
96806 



95914 
95961 
96009 
96057 
96104 



96152 
96199 
96246 
96294 
96341 



94T14 
94763 
94812 
94861 
94910 



94959 
95007 
95056 
95105 
95153 



94719 
94768 
94817 
94866 
94916 



94478 
94527 
94576 
94626 
94675 



94724 
94773 
94822 
94871 
94919 



94963 
95012 
95061 
95109 
95158 



95202 
95250 
95299 
95347 
95395 



95439, 

954871 

95535 

95583 

95631 



95679 
95727 
95775 
95823 
95871 



95918 
95966 
96014 
96061 
96109 



96156 
96204 
96251 
96298 
96346 



96388 
96435 
96483 
96530 
96577 



96853 
96900 
96946 
96993 
97039 



97086 
97132 
97179 
97225 
97271 



1 



96624 
96670 
96717 
96764 
96811 



96858 
96904 
96951 
96997 
97044 



97090 
97137 
97183 
97230 
97276! 



96393 
96440 
96487 
96534 
%581 



95444 
95492 
95540 
95588 
95636 



95684 
95732 
95780 
95828 
95875 



96207 
95255 
95303 
95352 
95400 



9^4831 94488 



94532 
94581 
94630 
94680 



94729 
94778 
94827 
94876 
94924 



94968 
95017 
95066 
95114 
95163 



94537 
94586 
94635 
94685 



94734 
94783 
94832 
94880 
94929 



95211 
95260 
95308 
95357 
95405 



95448 
95497 
95545 
95593 
95641 



95453 
95501 
95550 
95598 
95646 



95923 
95971 
96019 
96066 
961141 



96161 
96209 
96256 
96303 
96350 



96398 
96445 
96492 
96539 
96586 



96628 
96675 
96722 
96769 
96816 



96862 
96909 
96956 
97002 
97049 



97095 
97142 
97188 
97234 
97280 



96633 
96680 
96727 
96774 
96820 



96867 
96914 
96960 
97007 
97053 



96689 
95737 
95785 
96832 
958801 



95928 
95976 
96023 
96071 
96118} 



96166 
96213 
96261 
96308 
96366 



94973 
95022 
95071 
96119 
95168 



95216 
95265 
95313 
95361 
954101 



95458 
9i506 
95554 
95602 
95650{ 



94978 
95027 
95075 
95124 
95173 



94493 
94542 
94691 
94640 
94689 



94738 
94787 
94836 
94885 
94934 



95221 
95270 
95318 
95366 
954151 



95463 
95511 
95559 
95607 
95655 



95694 
95742 
95789 
95837 
95885 



95933 
95980 
96028 
96076 
96123 



96171 
96218 
96265 
96313 
96360 



96402 
96460 
96497 
.96544 
96591 



96638 

966851 

96731 

96778 

96825 



2 I 3 



97100 
97146 
97192 
97239 
97285J 

ir\' 



96872 
96918 
96965 
97011 
97058 



97104 
97151 
97197 

97243 
97290 



96407 

96501 
96548 
96595 



96642 
96689 
96736 
96783 
96830 



95693 
95746 
95794 
95842 
95890 



95938 
95985 
96033 
96080 
96128 



96175 
96223 
96270 
96317 
96365 



96412 
96459 
96506 
96553 
96600 



96876 
96923 
96970 
97016 
97068 



97109 
97156 
97202 
97248 
972941 



96647 

966941 

96741 

96788 

96834 



94983 
95032 
96080 
95129 
95177 



95226 
95274 
95323 
95371 
95419 



95468 
95516 
95564 
96612 
95660 



95703 
95751 
•95799 
95847 
95895 



95942 
95990 
96038 
96085 
96138 



96180 
96227 
96275 
96322 
96369 



95708 
95756 
95804 
95852 
95899 



95947 
95995 
96042 
96090 
96137 



96185 
96232 
96280 
96927 
96374 



96417 

96464) 

96511 

96558 

96605 



96652 
96699 
96745 
96792 
96839 



96881 
96928 
9697^ 
97021 
97067 



97U4 
97160 
97206 
97253 
97299 



.6 1 7 



96886 
96932 
96979 
97025 
97072 



97118 
97166 
97211 
97257 
97304 



' . y 



8 



96421 
96468 
96515 
96562 
96609 



96656 
96703 
96760 
96797 
96844 



96890 
96937 
96984 
97030 
97077 



97123 
97169 
97216 
97262 
97308 



-»._^— - 



LOGAftlTUMS OF NUMU&R8, 



l^o. 9400- 10000. 






Log. 97313 


t- ■! 


[MM&Q4S 






No. 





1 


2 


3 1 4 


5 


6 


7 


8 


9 




940 


97313 


97317 


97322 


97327I 97331 


97336 


97340 


97346 


97350 


97864 






941 


97359 


97364 


97368 


97373 


97377 


97382 


97387 


97391 


97396 


97400 






942 


97405 


97410 


97414 


97419 


97424 


97428 


97433 


97437 


97442 


97447 






943 


97451 


97466 


97460 


97466 


97470, 


97474 


97479 


97483 


97488 


97493 






944 


97497 


97502 


97506 


97511 


97516 


97620 


97525 


97529 


97534 


97339 




946 


97643 


97548 


97552 


97667 


97662 


97566 


97571 


97376 


97580 


97585 




946 


97589 


97694 


97598 


97603 


97607 


97612 


97617 


97621 


97626 


97630 






947 


97635 


97640 


97644 


97649 


97663 


97658 


97663 


97667 


97672 


97676 






948 


97681 


97685 


97690 


97695 


97699 


97704 


97708 


97713 


97717 


97722 






949 


97727 


97731 


97736 


97740 


97746 


97749 


97754 


97739 


97763 


97768 




950 


97772 


97177 


97782 


97786 


97791 


97795 


97800 


97804 


97809 


97813 




951 


97818 


97823 


97827 


97832 


97836 


97841 


97845 


97850 


97835 


97869 






952 


97864 


97868 


97873 


97877 


97882 


97886 


97891 


97896 


97900 


97905 






953 


97909 


97914 


97918 


97923 


97928 


97932 


97937 


97941 


97946 


97950 






954 


97955 


97950 


97964 


97968 


97973 


97978 


97982 


97987 


97991 


97996 




955 


98000 


98006 


98009 


98014 


98019 


98023 


98028 


9803^ 


98037 


98041 




956 


98046 


98050 


98065 


98039 


98064 


98068 


98073 


98078 


98082 


98087 






957 


98091 


98096 


98100 


98105 


98109 


98114 


98118 


98123 


98127 


98132 






958 


98137 


98141 


93146 


98130 


98166 


98159 


98164 


98168 


98173 


98177 






959 


98182 


98186 


98191 


98193 


98200 


98204 


98209 


98214 


98218 


98223 




960 


98227 


98232 


98236 


98241 


98245 


98260 


98254 


98259 


98263 


98268 




961 


98272 


98277 


98281 


98286 


98290 


98295 


98299 


98304 


98308 


98313 






962 


98318 


93322 


9C327 


98331 


98336 


98340 


98343 


98349 


98354 


98358 






963 


98363 


98367 


98372 


93376 


98381 


98383 


98390 


98394 


98399 


98403 






964 


98408 


98412 


98417 


98421 


98426 


98430 


98436 


98439 


98444 


98448 




965 


98453 


98457 


98462 


98466 


98471 


98475 


98480 


98484 


98489 


98493 




966 


98498 


98502 


98507 


98511 


98316 


98520 


98525 


98629 


98534 


98638 






967 


98543 


98647 


98552 


98556 


98561 


98565 


98570 


98574 


98679 


98683 






968 


98588 


98592 


98697 


98601 


98605 


98610 


986141 


98619 


98623 


98628 






969 


98632 


98637 


98641 


98646 


98660 


98656 


98659 


98664 


98668 


98673 




970 


98677 


98682 


98686 


98691 


98696 


98700 


98704 


98709 


98713 


98717 




971 


98722 


98726 


98731 


98735 


98740 


98744 


98749 


98763 


98758 


98762 






972 


98767 


98771 


98776 


98780 


98784 


98789 


98793 


98798 


98802 


98807 






973 


98811 


98816 


98820 


98826 


98829 


98834 


98838 


98843 


98347 


98851 






974 


98856 


98860 


98865 


98869 


98874 


98878 


98883 


98887 


98892 


98896 




975 


98900 


98905 


98909 


98914 


98918 


98923 


98927 


98932 


98936 


98941 




976 


98945 


98949 


98954 


98958 


98963 


98967 


98972 


98976 


98981 


98985 




• 


977 


98989 


98994 


98998 


99003 


99007 


99012 


99016 


99021 


99025 


99029 






978 


99034 


99038 


99043 


99047 


99052 


99056 


99061 


99065 


99069 


99074 






979 


99078 


99083 


99087 


99092 


99096 


99100 


99105 


99109 


99114 


99118 




980 


99123 


99127 


99131 


99136 


99140 


99145 


99149 


99164 


99168 


99162 




981 


99167 


99171 


99176 


99180 


99185 


99189 


99193 


99198 


99202 


99207 






982 


99211 


99216 


99220 


99224 


99229 


99233 


99238 


99242 


99247 


99261 






983 


99256 


99260 


99264 


99269 


99273 


99277 


99282 


99286 


99291 


99295 






984 


993(](0 


99304 


99308 


99313 


99317 


99322 


99326 


99330 


99335 


99339 




985 


99344 


99348 


99352 


99357 


99361 


99366 


99370 


99374 


99379 


99383 


, 


986 


99388 


9^^392 


99396 


99401 


99406 


99410 


99414 


99419 


99423 


99427 






987 


99432 


99436 


99441 


99445 


99449 


99464 


99458 


99463 


99467 


99471 






988 


99476 


99480 


99484 


99489 


99493 


99498 


99502 


99506 


99511 


99515 






989 


99520 


99524 


99528 


99633 


99637 


99642 


99546 


99660 


99656 


99569 




990 


99564 


99568 


99672 


99577 


99681 


99586 


99590 


99594 


99599 


99603 




991 


99607 


99612 


99616 


99621 


99626 


99629 


99634 


99638 


99642 


99647 






99% 


99661 


99666 


99660 


99664 


99669 


99673 


99677 


99682 


99686 


99691 






993 


99695 


99699 


99704 


99708 


99712 


99717 


99721 


99726 


99730 


99734 






994 


99739 


99743 


99747 


99762 


99756 


99760 


99766 


99760 


99774 


99778 




995 


99782 


99787 


99791 


99795 


99800 


99804 


99808 


99813 


99817 


99822 




996 


99826 


99830 


99836 


99839 


99843 


99848 


99852 


99856 


99861 


99865 






997 


99870 


99874 


99878 


99883 


99887 


99891 


99896 


99900 


99904 


99909 






998 


99913 


99917 


99922 


99926 


99930 


99936 


99939 


99944 


99948 


99952 






999 


99957 


99961 


99965 


99970 


99974 


99978 


99983 


99987 


99991 


99996 


— P* 


1 ~ 


No. 





1 

L.-,. ■■-_ 


2 


3 


4 


5 


6 


7 


8 


' 9 



/ 






0, 



• 



M. 



ODeg. 



Log. Sines, Tangents and Secants. 




1 

2 
3 

4 



5 
6 

7 
8 
9 



10 
11 
12 
13 
14 



15 
16 
17 
18 
19 



20 
21 

22 
23 

24 



25 
26 
27 
28 
29 



30 
31 
32 
38 
34 



35 
36 
37 
38 
39 



40 
41 
42 
43 

44 



45 
46 
47 
48 
49 



Hour A .H. 



12 

11 59 52 

59 44 

59 36 

59 28 



11 



59 20 
59 12 
59 
58 56 
58 48 



11 



50 
51 
52 
53 
54 



55 
56 
57 
58 
59 
JBO 

M. 



58 40 
68 32 
58 24 
58 16 
58 8 



11 



58 
57 52 
67 44 
57 36 
57 28 



11 



67 20) 
67 12 
57 4 
66 66 
56 48 



11 56 40 

56 32 

56 24 

66 16 

56 8 



11 



66 

55 62 

56 44 
55 36 
65 23 



11 



55 20 

65 12 

66 4 
64 66 
64 48 



11 



64 40 
64 32 
64 U 
64 16 
64 8 



11 



54 

63 52 
63 44 
63 36 
63 28 



11 



63 20 
63 12 
63 41 
62 66 
62 48 



11 62 40 
62 32 
62 2^ 
62 16 
62 8 
62 

iHourp.N. 



HoiiTP.M.j Sine. 
llnl*. Neg. 




8 
16 
24 
32 



40 
48 

56 

1 4 
1 12 







1 20 
1 28 
1 36 
1 44 
1 52 



2 
2 8 
2 16 

2 24 
2 32 



2 40 
2 48 

2 56 

3 4 
3 12 







3 20 
3 28 
3 36 
3 44 

3 62 







4 
4 
4 
4 

4 




8 

16 
24 
32 



4 40 
4 48 
4 56 
6 4 
6 12 







6 20 
6 28 
6 36 
6 44 
5 62 







6 
6 
6 
6 
6 





8 

16 

24 

32 



6 40 
6 48 

6 66 

7 4 
7 12 



6.4Gt{73 
78476 
94086 

7.06679 



7.16270 
24188 
30882 
36682 
41797 



7.46373 
50512 
64291 
57767 
60985 



7.63982 
66784 
69417 
71900 
74248 



7.76476 
78594 
80615 
82546 
84393 



7.86166 
87870 
89509 
91088 
92612 



7.94084 
95508 
96887 
98223 
99520 



8.00779 
02002 
03192 
04350 
06478 



8.06578 
07650 
08696 
09718 
10717 



8.11693 
12647 
13581 
144954 
15391 



8.16268 
17128 
17971 
18798 
19610 



7 

7 
7 
7 
7 
8 



20 
28 
36 
44 

62 




HOUTA.N. 



8.20407 
21189 
21968 
22713! 
23466 
24186 



Co-aioe. 



Cojsine. 



10.00000 
00000 
00000 
00000 
00000 



10 



00000 
00000 
00000 
00000 
00000 



10 



00000 
00000 
00000 
00000 
00000 



Tangent 



Inf. Neg. 

6.46373 
76476 
94085 

7.06679 



7.1627012 
24188 
30882 
36682 
41797 



7.46373 
50512 
64291 
67767 
60986 



10.00000 

00000 

9.99999 

99999 

99999 



9.999^9 
99999 
99999 
99999 
99999 



7.63982 
66786 
69418 
71900 
74248 



9.99999 
99999 
99999 
99999 
99998 



9.99998 
99998 
99998 
99998 
99998 



9-99998 
99998 
99997 
99997 
99997 



7.76476 
78595 
80615 
82646 
84394 



7.86167 
87871 
89510 
91089 
92613 



7.94086 
95510 
96889 
98225 
99522 



8.00781 
02004 
03194 
04353 
05481 



9.99997! 
99997 
99997 
99997 
99996 



9.99996 
99996 
99996 
99996 
99996 



8.06581 
07653 
08700 
09722 
10720 



9.99995 
99995 
99996 
99996 
99996) 



8.11696 
12651 
13685 
14500 
16395 



8.16273 
17133 
17976 
18804 
19616 



9.99994 
99994 
99994 
99994 
99994 
99993 



8.20413 
21195 
21964 
22720 
23462 
24192 



90]>e^ 



Sine. Co-tang. 



Co-tang. 



Pegi- 179. 



Infinite. 

13.53627 
23524 
05916 

12.93421 



8373010 

76812 
69118 
63318 
58203 



12 



53627 
49488 
46709 
42233 
39014 



12.36018 
33216 
30582 
28100 
25762 



12 



23524 
21405 
19385 
17454 
15606 



12 



.13833 
12129 
10490 
08911 
07387 



12.05914 
04490 
03111 
01776 
00478 



11.99219 
97996 
96806 
96647 
94519 



11.93419 
92347 
91300 
90278 
89280 



11 .88304 
87349 
86415 
85500 
84605 



11 



.83727 
82867 
82024 
81196 
80384 



11 



.79587 
78806 
78036 
772801 
76538 
76808 



Secant. |C<»-tecant 



10.00000' 
00000 
00000 
00000 
00000 



.00000 
00000 
00000 
00000 
00000 



10 



.00000 
00000 
00000 
00000 
00000 



10.00000 
00000 
00001 
0000] 
00001 



10.00001 
00001 
00001 
00001 
0001 

loTooooi 

00001 
00001 
00001 
00002 



10.00002 
00002 
00002 
00002 
00002 



10.00002 
00002 
00003 
00003 
00003 



10.00003 
00003 
00003 
00003 
00004 



10.00004 
00004 
00004 
00004 
00004 



10.00005 
00006 
00006 
00005 
00005 



Infinite. 



13.63627 69 



23624 

06915 

12.93421 



12.83730 
75812 
69118 
63318 
68203 



12.63627 
49488 
46709 
42233 
89015 



12.36018 
33216 
30583 
28100 
25752 



12.23526 
21406 
19385 
17455 
15607 

12.13834 
12130 
10491 
08912 
07388 



12.06916 
04492 
03113 
01777 
00480 



11.99221 
97998 
96808 
96650 
94522 



11.93422 
92360 
91304 
90282 
89283 



11.88307 
87363 
86419 
86605 
84609 



11.83732 
82872 
82029 
81202 
80390.' 



w. 



GO 



68 
67 
66 



66 
64 
63 
52 
61 



60 
49 
48 
47 
46 



45 
44 

43 
42 
41 



40 
39 
38 
87 
36 



35 
34 
33 
32 
31 



SO 
29 
28 
27 
26 



25 
24 
23 
22 
21 



20 
19 
18 
17 
16 



15 
14 
13 
12 
11 



10 
9 
8 
7 
6 



10.00006 


11.7959^ 


6 


00006 


78811 


4 


00006 


78042 


3 


00006 


77287 


2 


00006 


76644] 


1 


60007 


76814 






Tangent.iCo«iecaBt' Secant. ' M. 



Degs. 89. 



y 






A 



- -s.i 



Log. Sinesy Tangents and SecaniS. 






iDeff. 














Deg8..1 


ITB. ^ 




, M. 


HoarA.M. 


Hourp.M. Sine. | 


Co- sine. 


Tangent. 


Co-tang. 


Secant. 


Co-aeeani 


M. 


> 





11 62 


8 


8.24186 


9.99993 


8.24192 


11.75808 


10.00007 


11.76814 


60 


1 


61 52 


8 8 


24903 


1 99993 


249101 


76090 


00007 


76097 


69 


* 


X 


61 44 


8 16 


26609 


99993 


26616 


74384 


00007 


74391 


68 




s 


61 36 


8 24 


26304 


99993 


26312 


73688 


00007 


7369^ 


67 




4 


61 28 


8 32 


26988 


99992 


26996 


73004 


00008 


78012 


66 




5 


11 61 20 


8 40 


8.27661 


9.99992 


8.27669 


H .72331 


10.00008 


11.72839 


65 


6 


61 12 


6 48 


28324 


99993^ 


28332 


71668 


00008 


71676 


54 




7 


61 4 


8 56 


28977 


99992 


^28986 


71014 


00008 


71023 


53 




8 


60 56 


9 4 


29621 


99992 


29629 


70371 


ooooa 


70379 


62 




9 


60 48 


9 12 


30255 


99991 


30263 


69737 


00009 


69746 


61 




10 


11 50 40 


9 20 


8.30879 


9.99991 


8.30888 


U. 69112 


10.00009 


11.69121 


60 


li 


60 32 


9 28 


31495 


99991 


31506 


68495 


0000!) 


68506 


49 




IS 


60 24 


9 36 


32103 


99990 


32112 


67888 


0001(^ 


67897 


48 




13 


60 16 


9 44 


32702 


99990 


32711 


67289 


00010 


67298 


47 




U 


50 8 


9 52 


33292 


99990 


33302 


66698 


00010 


66708 


46 
46 




15 


11 60 


10 


8.^876 


9.99990 


8.33886 


11.66114 


10.0*1010 


11.66126 


16 


49 52 


10 8 


34450 


9998^ 


34461 


65539 


00011 


65550 


44 




n 


49 44 


10 IG 


35018 


99989 


35029 


64971 


00011 


644)82 


43 




18 


49 36 


K) 24 
10^q2 


35578 


99989 


35590 


64410 


00011 


64422 


42 




19 


49 26 


36131 


99989 


36143 


63857 


00011 


63869 


41 




20 


11 49 20 


10 40 


8.36678 


9.99988 


8.36689 


11.63311 


10.00012 


11.63322 


40 


i 21 


49 12 


10 48 


\ 37217 
' 37750 


99988 


37229 


62771 


00012 


62783 


39 




ss 


49 4 


10 56 


99988 


37762 


62238 


00012 


62250 


38 




23 


48 56 


11 4 


38276 


99987 


38289 


61711 


00013 


61724 


37 




24 


48.48 


11 12 


36796 


99987 


38809 


61191 


00013 


61204 


36 
35 




25 


11 48 40 


11 20 


8.39310 


9.99987 


8.39323 


11.60677 


10.00013 


11.60690 


26 


48 32 


11 28 


39818 


^ 99986 


39832 


60168 


00014 


60182 


34 




27 


48 24 


11 36 


40320 


^''^9986 


40334 


69666 


00014 


69680 


33 




28 


48 16 


U 44 


40816 


99986 


40830 


59170 


00014 


69184 


32 




29 


48 8 


It 52 


41307 


99985 


41321 


58679 


00015 


58693 


31 




30 


11 48 


12 


8.41792 


9.99985 


8.41807 


11.58193 


10.00015 


11.58208 


30 


31 


47 52 


12 8 


42272 


99985 


42287 


57713 


00015 


57728 


29 




32 


47 44 


12 16 


42746 


99984 


42762 


67238 


00016 


67264 


28 




33 


47 36 


12 24 


43216 


99984 


43232 


56768 


00016 


66784 


27 




34 


47 28 


12 32 


43680 


99984 


43696 


56304 


00016 


66320 


26 




35 


11 47 2(^ 


12 40 


8.44139 


9.99983 


8.44156 


11.55844 


10.00017 


11.65861 


25 


36 


47 12 


12 48 


44594 


99983 


44611 


55389 


00017 


65406 


24 




37 


47 4 


12 56 


45044 


99983 


45061 


54939 


00017 


64966 


23 




38 


46 5» 


13 4 


45489 


99982 


45507 


54493 


Q0018 


54511 


22 




39 


46 48 


13 12 


45930 


99982 


45948 


54052 


00018 


64070 


21 




40 


U 46 40 


13 SO 


8.46366 


9.99982 


8.46385 


11.53615 


10.00018 


11.53634 


20 


41 


46 32 


13 28 


46799 


99981 


46817 


53183 


00019 


53201 


19 




42 


46 24 


13 36 


47226 


99981 


47246 


62755 


00019 


52774 


18 




43 


46 16 


13 44 


47650 


99981 


47669 


52331 


00019 


52350 


17 




44 

45 


46 8 


18 52 


48069 


99980 


4808$ 


61911 


00020 


51931 


16 




11 46 


14 


8.48485 


9.99980 


8. 48505 


U. 61496 


10.00020 


11.51515 


15 


46 


45 52 


14 8 


48896 


99979 


48917 


510C3 


00021 


61104 


u 




47 


45 44 


• 14 16 


49304 


99970 


49325 


50675 


00021 


60696 


13 




48 


45 36 


14 24 


49708 


99979 


49729 


50271 


00021 


60292 


IS 




49 


45 28 


14 32 


50108 


99978 


50130 


49870 


00022 


49892 


11 




50 


11 45 20 


14 40 


8.60504 


9.99978 


8.50527 


11.49473 


10.00022 


11.49496 


10 


51 


45 12 


14 48 


60897 


99977 


50920 


49080 


00023 


49103 


9 




52 


45 4 


14 56 


61287 


99977 


61310 


4«Ca0 


00023 


4871S 


8 




53 


44 56 


15 4 


61673 


99977 


51696 


48^^4 


00023 


48327 


7 




54 


44 48 


15 12 


52056 


99976 


52079 


47921 


00024 


47945 


6 




55 


U 44 40 


15 20 


8.52434 


9.99976 


8.52469 


11.47541 


10.00024 


11.47666 


5 


56 


44 32 


15 28 


52810 


. 99975 


52835 


47166 


00025 


47190 


4 




57 


44 24 


15 36 


63183 


' 99975 


53208 


46792 


0O025 


46817 


3 




68 


44 16 


16 44 


53552 


99974 


63678 


46422 


00026 


46448 


2 




59 44 8 


15 62 


599191 


99974 


63945 


46055 


00026 


46081 


1 




60 44 


16 


64282: 


99974 


54308' 


45692 
Tan^^eut. 


00026 


45718 





1 


M, JHocyrp.H. 


HoarA.M. Co-sine. 1 


Sln^ 


Co-taDg.i 


Co-secaBk bec;aot. 


M. 



91 Degs. 



Dcgs. 88. 



/ 



Log. Sines, langents and Secants. 







SDe^ 














Degs 


.177. 






M. 


HourA.N. 


Hourp.M. 


Sine. 


Co-sine. 


Tangent. 


Co-tang. 


Secant. | Co-secant 


M. 1 







U 44 


16 


8.54282 


9.99974 


8.54308 


11.45692 


10.00026 


11.46713 


60 






1 


43 52 


16 8 


54642 


99973 


64669 


46331 


00027 


46358 


59 






2 


43 44 


16 16 


64999 


99973 


56027 


44973 


00027 


45001 


58 






3 


48 36 


16 24 


55354 


99972 


55382 


44618 


00028 


44646 


67 






4 


43 28 


16 32 


55705 


99972 


65734 


44266 


00028 


44295 


56 




5 


n 43 20 


16 40 


8.56054 


9.99971 


8.66083 


11.43917 


10.00029 


11.43946 


55 


1 




6 


43 12 


16 48 


56400 


99971 


66429 


43571 


00029 


43600 


54 


1 




7 


43 4 


16 56 


66743 


99970 


66773 


43227 


00030 


43257 


53 


• 




8 


42 56 


17 4 


57084 


99970 


67114 


42886 


00030 


42916 


52 


f 


10 


42 48 


17 12 


57421 


99969 


57452 


42548 


00031 


42679 


51 

50 


t 
» 


11 42 40 


17 20 


8.57757 


9.99969 


8.67788 


11.42212 


10.00031 


11.42243 




n 


42 32 


17 28 


58089 


99968 


68121 


41879 


00032 


41911 


49 


12 


42 24 


17 36 


58419 


99968 


58451 


41549 


00032 


41581 


48 


1 


13 


42 16 


17 44 


58747 


99967 


68779 


41221 


00033 


41253 


47 


14 


42 8 


17 52 


59072 


99967 


69105 


40896 


00033 


40928 


46 






15 


11 42 


Xtf 


8.59395 


9.99967 


8.59428 


11.40672 


10.00033 


11.40605 


45 






16 


41 52 


18 8 


59716 


99966 


69749 


40261 


00034 


40285 


44 






17 


41 44i 


18 16 


60033 


99966 


60068 


39932 


00034 


89967 


43 






18 


41 36 


18 24 


60349 


99965 


60384 


• 39616 


00035 


89651 


42 


1 




19 


41 28 


18 32 


60662 


99964 


60698 


39302 


00036 


39338 


41 




20 


11 41 20 


18 40 


8.60973 


9.99964 


8.61009 


11.38991 


10.00036 


11.39027 


40 






21 


41 12 


18 48 


61282 


99963 


61319 


38631 


00037 


36718 


39 






22 


41 4 


18 56 


61589 


99963 


61626 


38374 


00037 


38411 


38 






23 


40 56 


19 4 


61894 


99962 


61931 


38069 


00038 


38106 


37 






24 


40 48 


19 12 


62196 


99962 


62234 


37766 


00038 


37804 


36 




25 


11 40 40 


19 20 


8.62497 


9.99961 


8.62635 


11.37465 


10.00039 


11.37503 


35 






26 


40 32 


19 28 


62795 


99961 


62834 


37166 


00039 


37206 


34 






27 


40 24 


19 36 


63091 


99960 


63131 


36869 


00040 


36909 


33 






28 


40 16 


19 44 


63385 


99960 


63426 


36574 


00040 


36615 


32 






29 


40 8 


19 52 


63678 


99959 


63718 


36282 


> 00041 


36322 


31 




30 


11 40 


20 


8.63968 


9.99959 


8.64009 


11.35991 


10.00041 


11.36032 


30 






31 


39 62 


20 8 


64256 


99958 


64298 


36702 


00042 


36744 


29 






32 


39 44 


20 16 


64543 


99968 


64585 


35415 


00042 


35467 


28 






33 


39 36 


20 24 


64827 


99957 


64870 


35130 


00043 


36178 


27 






34 


39 28 


20 32 


65110 


99956 


66154 


34846 


00044 


34890 


26 


1 


35 


U 39 20 


U 20 40 


8.65391 


9.99956 


8.65435 


11.34566 


10.00044 


11.34609 


25 






36 


39 12 


20 48 


65670 


99955 


65715 


34285 


00045 


34330 


24 






37 


39 4 


20 56 


65947 


99966 


65993 


34007 


00046 


34053 


23 






38 


38 56 


21 4 


66223 


99964 


66269 


33731 


Q0046 


33777 


22 






39 


38 48 


21 12 


66497 


99954 


66543 


33467 


00046 


33603 


21 




40 


U 38 40 


21 20 


8.66769 


9.99953 


8.66816 


11.33184 


10.00047 


11.33231 


20 






41 


38 32 


21 28 


67039 


99952 


67087 


32913 


' 00048 


32961 


19 






42 


38 24 


21 36 


67308 


99952 


67356 


32644 


00048 


32692 


18 






43 


38 16 


21 44 


67576 


99951 


67624 


32376 


00049 


32425 


17 


i 




44 


- 38 8 


21 62 


67841 


99951 


67890 


32110 


00049 


32159 


16 


1 
■. 


45 


Jl 38 


22 


8.68104 


9.99960 


8.68154 


11.31846 


10.00050 


11.31896 


15 






46 


37 52 


22 8 


68367 


99949 


68417 


31583 


00051 


31633 


14 






47 


37 44 


22 16 


68627 


99949 


68678 


31322 


000^1 


31373 


13 


 




48 


37 36 


22 24 


68886 


99948 


68938 


31062 


00062 


31114 


12 






49 


37 28 


22 32 


69144 


99948 
9.99947 


69196 


30804 


00052 


30856 


n 




60 


11 37 20 


22 40 


8.69400 


8.69463 


11.30547 


10.00053 


11.30600 


10 






51 


37 12 


22 48 


69654, 


99946 


69708 


30292 


00054 


30346 


9 






52 


37 4 


22 56 


69907 


99946 


69962 


30038 


00054 


30093 


8 






53 


36 56 


23 4 


70159 


99945 


70214 


29786 


00055 


29841 


7 






54 


36 48 


23 12 


70409 


99944 


70466 


29535 


00056 


29591 


6 




55 


11 36 40 


23 20 


8.70658 


9.99944 


8.70714 


11.29286 


10.00066 


11.29342 


5 






56 


36 32 


23 28 


70905 


99943 


70962 


29038 


00087 


29096 


4 






57 


36 24 


23 36 


71151 


99942 


71208 


28792 


00068 


28849 


3 






58 


36 16 


23 44 


71395 


99942 


71463 


28547 


00068 


28606 


2 






59 


36 8 


23 52 


71638 


99941 


71697 


28303 


00059 


28362 


1 






60 


36 


24 


71880 


99940 


71940 


28060 


00060 


28120 







M. i 


Hourp.M. 


HourA.M. 


Co-sine.^ 


Sine. 


Co-tang. iTaneeut. 'Co-secant 


Secant. 


M. 


- 




%.. 


A 




7.. 


^M ^ - - — ^— •- 


. 












^''- 



~'» — .•.— 



Log, Sinesy Tangents and Secants. 



* jy^ffi* 














Degs. 


176. 


M 


HOUTA.H. 


Hourp.M. 


Sine. 


Co-sinen 


Tangent. 


Co4ang. 


Secant |Co-Mcaot| 


M I 





U 36 


24 


8.71880 


9.99940 


8.71940 


11.28060 


10.00060 


U.281SM) 


60 


1 


3d 52 


24 8 


72120 


99940 


72181 


27819 


00060 


27880 


59 


8 


35 44 


24 16 


72359 


99939 


72420 


27580 


0006] 


27641 


58 


3 


35 36 


24 24 


72597 


99938 


72659 


27341 


00062 


27403 


67 


,4 


35 28 

• 


24 32 


72834 


99938 


72896 


27104 


00062 271661 


56 


5 


11 35 20 


24 40 


8.73069 


9.99937 


8.73132 


11.26868 


10.0006311.26931 


66 


6 


35 12 


24 48 


73303 


99936 


73366 


26634 


00064 


26697 


54 


7 


35 4 


24 56 


73536 


99936 


73600 


26400 


00064 


26465 


63 


8 


34 56 


25 4 


73767 


99935 


73832 


26168 


00065 


26233 


58 


9 


34 48 


25 12 


73997 


99934 


74063 


25937 


00066 


26003 


61 


10 


11 34 40 


25 20 


8.74226 


9.99934 


8.74292 


11.25708 


10.00066 


11.25774 


60 


11 


34 32 


25 28 


74454 


99933 


74521 


25479 


00067 


25546 


49 


12 


34 24 


25 36 


74680 


99932 


74748 


25252 


00068 


25320 


48 


13 


34 16 


25 44 


74906 


99932 


74974 


26026 


00068 


25094 


47 


1 


34 8 


26 52 


75130 


99931 


75199 


24801 


00069 


24870 


46 


15 


U 34 


26 


8.75353 


9.99930 


8.75423 


11.24577 


10.00070 


11.24647 


46 


16 


33 52 


26 8 


75575 


99929 


75645 


24355 


00071 


24425 


44 


17 


S3 44 


26 16 


75795 


99929 


75867 


24133 


00071 


24206 


43 


18 


33 36 


26 24 


76015 


99928 


76087 


23913 


00072 


23985 


42 


19 


33 28 


26 32 


76234 


99927 


76306 


23694 


00073 


23766 


41 


20 


11 33 20 


26 40 


8.76451 


9.99926 


8.76526 


11.23476 


10.00074 


11.23549 


40 


21 


33 12 


26 48 


76667 


99926 


76742 


23258 


00074 


23S33 


39 


22 


S3 4 


26 56 


76883 


99925 


76958 


23042 


00075 


23117 


38 


23 


32 56 


27 4 


77097 


99924 


77173 


22827 


00076 


22903 


37 


24 


32 48 


27 12 


77310 


99923 


77387 


22613 


00077 


22690 


36 


26 


U 32 40 


27 20 


8J77522 


9.99923 


8.77600 


11.22400 


10.00077 


11.22478 


36 


26 


32 32 


27 28 


77733 


99922 


77811 


22189 


00078 


22267 


34 


27 


32 24 


27 36 


77943 


99921 


78022 


21978 


00079 


22067 


33 


28 


32 16 


27 44 


78152 


99920 


78232 


21768 


00080 


21848 


32 


29 


32 8 


27 52 


78360 


99920 


78441 


21559 


00080 


21640 


31 


30 


11 32 


28 


8.78568 


9.99919 


8.78649 


11.21351 


10.00081 


11.21432 


30' 


31 


31 52 


28 8 


78774 


99918 


78865 


21145 


00082 


21226 


29 


32 


31 44 


28 16 


78979 


99917 


79061 


20939 


00083 


21021 


28 


33 


31 36 


28 24 


79183 


99917 


79266 


20734 


00083 


20817 


27 


34 


31 28 


28 32 


79386 


99916 


79470 


20530 


00084 


20614 


26 


35 


11 31 20 


28 40 


8.79588 


9.99915 


8.79673 


11.20327 


10.00086 


11.20418 


36 


36 


31 12 


28 48 


79789 


99914 


79875 


20125 


00086 


20211 


24 


37 


31 4 


28 56 


79990 


99913 


80076 


19924 


00087 


20010 


^ 


38 


30 56 


29 4 


80189 


99913 


80277 


19723 


00087 


19811 


22 


39 


30 48 


29 12 


80388 


99912 


?0476 


19524 


00088 


19612 


21 


40 


11 30 40 


29 20 


8.80585 


9.99911 


8.80674 


11.19326 


10.00089 


11.19416 


20 


41 


30 32 


29 28 


80782 


99910 


80872 


19128 


00090 


19218 


19 


42 


30 24 


29 36 


80978 


99909 


81068 


18932 


00091 


19022 


18 


43 


30 16 


29 44 


81173 


99909 


81264 


18736 


00091 


18827 


17 


44 


30 8 


29 52 


81367 


99908 


81459 


18541 


00092 


18636 


1 16 


45 


11 30 


30 


8.81560 


9.99907 


8.81653 


11.18347 


10.00093 


11.18440 


16 


46 


29 52 


, 30 8 


81752 


99906 


81346 


18154 


0009^ 


18248 


14 


47 


29 44 


30 16 


81944 


99905 


82038 


17962 


00095 


18056 


13 


48 


29 36 


30 24 


82134 


99904 


82230 


17770 


00096 


17866 


12 


49 


29 28 


30 32 


82324 


99904 


82420 


17680 


00096 


17676 


11 


50 


11 29 20 


30 40 


8.82513 


9.99903 


^.82610 


11.17390 


10.00097 


11.17487 


10 


51 


29 12 


30 48 


82701 


99902 


82799 


17201 


00098 


17299 


9 


52 


29 4 


30 56 


82888 


99901 


• 82987 


17013 


00099 


17112 


8 


53 


28 56 


31 4 


83075 


99900 


83175 


16825 


00100 


16925 


7 


54 


28 48 


31 12 


83261 


99899 


83361 


16639 


00101 


16739 


6 


55 


a 28 40 


31 20 


8.83446 


9.99898 


8.83547 


11.16453 


10.00102 


11.16654 


6 


56 


28 32 


31 23 


83630 


99898 


83732 


16268 


00102 


16370' 4 1 


57 


28 24 


31 36 


83813 


99897 


83916 


16084 


00103 


16187 


3 


58 


28 16 


31 44 


83996 


99896 


84100 


15900 


00104 


16004 


2 


59 


28 8 


31 52 


84177 


99895 


84282 


15718 


00105 


15823 


1 


60 


28 


32 


84358 


99894 
Sine. 


84464, 


15536 


00106 


15648 





M 


Hourp.M. 


Hour A.M. 


Co-sine. 


Co-tai^J 


Tangent. 'Co-secant 


Secant. * M [ 



I 



98 Dags. 
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Begs. 175. 


1 M 


|HourA.M. 


Hourp.M. 


Sine. 


Co-sine. 


Tanaieflt. Co-tang. | Secimt. |Co-secani. 


M 





11 28 


32 


8.84358 


9.99894 


8.84464 


11.15536 10.00106 


11.1.5642 


60 


1 


27 62 


32 8 


84539 


99893 


84646 


15354 


00107 


15461 


59 


2 


27 44 


32 16 


84718 


99892 


85826 


16174 


00108 


16282 


58 


3 


27 36 


32 24 


84897 


99891 


85006 


14994 


00109 


15103 


67 


4 


27 28 


32 32 


85075 


99891 


86185 


14815 


00109 


14925 


56« 


b 


a -27 20 


32 40 


8.85252 


9.99890 


8.85363 


11.14637 


10.00110 


11.14748 


56 


6 


27 12 


32 48 


85429 


99889 


86540 


14460 


00111 


14571 


54 


7 


27 4 


32 56 


85605 


99888 


85717 


14283 


00112 


14395 


53 


8 


26 66 


33 4 


85780 


99887 


85893 


14107 


00113 


14220 


62 


9 
10 


26 48 


33 12 


85955 


99886 


86069 


13931 


00114 


14046 


61 


11 26 40 


33 20 


8.86128 


9.99885 


8.86243 


11.13757 


10.00115 


11.13872 


50 


11 


26 32 


33 28 


86301 


99884 


86417 


13583 


00116 


13699 


49 


12 


26 24 


33 36 


86474 


99883 


86591 


13409 


00117 


13626 


48 


13 


26 16 


33 44 


86646 


99882 


86763 


13237 


00118 


13365 


47 


, 1* 


26 8 


33 62 


86816 


99881 


86936 


13065 


00119 


13184 


46 


16 


11 26 


34 


8.86987 


9.99880 


8.87106 


11.12894 


10.00120 


11.13013 


46 


16 


26 62 


34 8 


87156 


99^79 


87277 


12723 


00121 


12844 


44 


17 


26 44 


34 16 


87326 


99879 


87447 


12563 


00121 


12676 


43 


18 


26 36 


34 24 


87494 


99878 


87616 


12384 


00122 


12506 


42 


19 


26 28 


34 32 


87661 


99877 


87786 


12216 


00123 


12339 


41 


20 


U 26 20 


34 40 


8.87829 


9.99876 


8.87963 


11.12047 


10.00124 


11.12171 


40 


21 


26 12 


34 48 


87995 


99875 


88120 


11880 


00126 


12006 


39 


22 


26 4 


34 56 


88161 


99874 


88287 


11713 


00126 


11839 


38 


23 


24 66 


36 4 


88326 


99873 


88463 


11547 


00127 


11674 


37 


24 

26 


24 48 


35 12 


88490 


99872 


88618 


11382 


00128 


11610 


36 


11 24 40 


y% 20 


8.88654 


9.99871 


8.88783 


11.11217 


10.00129 


11.11346 


36 


26 


24 32 


'6b 28 


88817 


99870 


88948 


11062 


00130 


11183 


34 


27 


24 24 


36 36 


88980 


99869 


89111 


10889 


00131 


11020 


33 


28 


24 16 


96 44 


89142 


99868 


89274 


10726 


00132 


10668 


32 


29 


24 8 


36 62 


89304 


99867 


89437 


10663 


. 00133 


10696 


31 


30 


11 24 


36 


8.89464 


9.99866 


8.B9598 


11.10402 


10.00134 


11.10536 


30 


31 


33 62 


36 8 


89625 


99865 


89760 


10240 


00135 


10376 


29 


32 


23 44 


36 16 


89784 


99864 


89920 


10080 


00136 


10216 


28 


3i3 
34 


23 36 


36 24 


89943 


99863 


90080 


09920 


00137 


10057 


27 


23 28 


36 32 


90102 


99862 


90240 


09760 


00138 


09898 


26 


36 


11 23 20 


36 40 


8.90260 


9.99861 


8.90399 


11.09601 


10.00139 


11.09740 


26 


36 


23 12 


36 48 


90417 


99860 


90567 


09443 


00140 


09583 


24 


37 


23 4 


36 66 


90674 


99859 


90715 


09285 


00141 


09426 


23 


38 


22 66 


37 4 


90730 


99858 


90872 


09128 


00142 


09270 


22 


39 
40 


22 48 


37 12 


90885 


99867 


91029 


08971 


00143 


09115 


21 

1 


11 22 40 


37 20 


8.91040 


9.99856 


8.91185 


11.08816 


10.00144 


11.08960 


20 


41 


22 32 


37 28 


91195 


99855 


91340 


08660 


00145 


08805 


19 


42 


22 24 


37 36 


91349 


99864 


91495 


08605 


00146 


08651 


18 


43 


22 16 


37 44 


91502 


99853 


91650 


08350 


00147 


08498 


17 


44 


. 22 8 


37 62 


9iiS56 


99852 


91803 


08197 


00148 


08346 


16 


46 


11 22 


38 


8.91807 


9.99851 


8.91957 


11.08043 


10.00149 


11.08193 


16 


46 


21 52 


88 8 


91959 


99850 


92110 


07890 


00150 


08041 


14 


47 


21 44 


38 16 


92110 


99848 


92262 


07738 


00162 


07890 


13 


4S 


21 36 


38 24 


92261 


; 99847 


92414 


07686 


00153 


07739 


12 


49 


21 28 


38 32 


92411 


- 99846 


92665 


07436 


00154 


07689 


11 


60 


11 21 20 


38 40 


8.92561 


9.99845 


8.92716 


11.07284 


10.00155 


11.07439 


10 


61 


21 IS 


38 48 


92710 


99844 


92866 


07134i 


00156 


07290 


9 


62 


21 4 


38 56 


92859 


99843 


93016 


06984 


00167 


07141 


8 


53 


20 56 


39 4 


93007 


99842 


93165 


06835 


"^ 0(058 


06993 


7 


54 


20 48 


39 12 


93154 


99841 


93313 


06687 


00159 


06846 


6 


bb 


11 20 40 


39 20 


8.93301 


9.99840 


8.93462 


11.06638 


10.00160 


11.06699 


6 


56 


20 32 


39 28 


93448 


99839 


93609 


06391 


00161 


06652 


4 


67 


20 24 


39 36 


93594 


99838 


93756 


06244 


00162 


06406 


3 


68 


20 16 


39 44 


93740 


99837 


93903 


06097 


00163 


06260 


2 


59 


20 8 


39 62 


93885 


99836 


94049 


05951 


00164 


06115 


1 


€0 


20 


40 


94030 


99834 


94196 


05805 


00166 


05970 


I 


M 


Hourr.M. 


HourA.M. 


Co-sine. 


Sine. 
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Tangent. Co-seoanil 


Secant. 
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94 DegB. 
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Degi. 174. 




M 


HonrA .«.)Honrp.ii. 


Sine. 


Co-sine. 


Tangent. 


Co-tang. Secant. 


Co-teeantj 


M 







U 20 


40 


8.94030 


9.99834 


8.94195 


11.0580510.00166 


11.05970 


60 




1 


19 52 


40 8 


94174 


99833 


94340 


05660 


00167 


06826 


69 




s 


19 44 


40 16 


94317 


99832 


94485 


06515 


00168 


06688 


68 




3 


19 36 


40 24 


94461 


99831 


94630 


05370 


00169 


05539 


67 




4 


19 28 


40 32 


94603 


9983(^ 


94773 


05227 


00170 


05397 


66 




6 


11 19 20 


40 40 


8.94746 


9.99829 


8.94917 


11.05083 


10.00171 


11.06254 


66 




6 


19 12 


40 48 


94887 


99828 


95060 


04940 


00172 


06113 


54 




7 


19 4 


40 56 


95029 


99827 


95202 


04798 


00173 


04971 


53 




8 


18 56 


41 4 


95179 


99825 


95344 


04666 


00173 


04830 


62 




9 


18 48 


41 12 


95310 


99824 


95486 


04514 


00176 


04690 


61 




10 


n 13 40 


41 20 


8.95450 


9.99823 


8.95627 


11.04373 


10.00177 


11.04660 


60 




11 


18 32 


41 28 


95589 


99322 


95767 


04233 


00178 


OUil 


49 




12 


18 24 


41 36 


95728 


99821 


95908 


04092 


00179 


04S7ft 


48 




13 


18 16 


41 44 


95867 


99820 


96047 


03953 


00180 


0413S 


47 




14 


18 8 


41 52 


96005 


99819 


96187 


03813 


00181 


03996 


46 




15 


11 18 


42 


8.96143 


9.99817 


8.96325 


11.03675 


10.00183 


11.U3867 


45 




16 


17 52 


42 8 


96280 


99816 


96464 


03536 


00184 


03720 


44 


 


17 


17 44 


42 16 


96417 


99815 


96602 


03398 


00186 


03583 


43 




18 


. 17 36 


42 24 


96553 


99814 


96739 


03261 


00186 


03447 


42 




19 


17 28 


42 32 


96689 


99813 


96877 


03123 


00187 


03311 


41 


1 


«0 


11 17 20 


42 40 


8.96825 


9.99812, 8. 9701 J 


11.029J7 


10.00188 


11.03176 


40 


1 
1 


21 


17 12 


42 48 


96960 


99810 


97150 


02850 


00190 


03040 


39 


1 

1 


22 


17 4 


42 56 


97095 


99809 


97285 


02715 


00191 


02906 


38 


^ 


23 


16 56 


43 4 


97229 


99808 


97421 


02579 


00192 


02771 


37 


1 


24 


16 48 


43 1,2 


97363 


99807 


97556 


02444 


00193 


02637 


86 


1 
1 

* 


25 


11 16 40 


43 20 


8.9749<i 


J*. 99806 


8.97691 


11.02309 


10.00194 


11.02604 


is 


 


26 


16 32 


43 28 


97629 


99804 


97825 


02176 


00196 


02371 


34 


» 


27 


16 2^ 


43 36 


97762 


99803 


97959 


02041 


00197 


02238 


S3 . 




28 


16 IG 


43 44 


97894 


99802 


98092 


01906 


00198 


.02106 


32 


1 


29 


16 8 


43 52 


98026 


99801 


98225 


01775 


00199 


01974 


81 


1 


30 


U 16 


44 


8.98157 


9.99800 


8.98358 


11.01642 


10.00200 


11.0184a 


30 




31 


15 52 


44 8 


98288 


99798 


98490 


01610 


0020it 


01712 


29 




32 


15 44 


44 16 


98419 


99797 


98622 


013718 


00208 


01681 


28 




83 


15 36 


44 21 


98549 


99796 


98753 


01247 


00204 


01461 


27 




34 


15 28 


44 32 


98679 


99795 


98884 


OlllB 


00205 


01321 


26 




35 


11 15 20 


44 40 


». 98808 


9.99793 


8.99015 


11.00985 


10.00207 


11.01192 


25 




36 


15 12 


44 48 


98937 


99792 


99146 


00855 


00208 


O1063 


24 




37 


15 4 


44 56 


99066 


99791 


99276 


00726 


00209 


00934 


23 




38 


14 56 


45 4 


99194 


99790 


99406 


00595 


00210 


00806 


22 




39 


14 48 


45 12 


99322 


99788 


99534 


00466 


00212 


00678 


21 


t 


40 


11 14 40 


45^20 


8.99450 


9.99787 


8.99662 


11.00338 


10.00213 


11.00660 


20 




41 


14 32 


45 28 


99577 


99786 


99791 


00209 


00214 


00428 
0029i 


19 




42 


14 24 


45 36 


99704 


99785 


99919 


00081 


00216 


18 




43 


14 16 


45 44 


99830 


99783 


9.00Q46 


10.99954 


00217 


00170 
00044 


VJ 


« 


44 


14 8 


45 52 


99956 


99782 


00174 


99826 


00218 


16 




45 


11 14 


46 


9.00082 


9.99781 


9.00301 


10.99699 


10.00219 


10.99918 


16 




46 


13 52 


46 8 


00207 


99780 


00427 


99573 
99447 


00220 


99793 


14 




47 


13 44 


46 16 


00332 


99778 


00553 


00222 


.9966$ 


13 




48 


13 36 


46 24 


00456 


99777 


00679 


99321 


00223 


99644i 


12 




49 


13 28 


46 32 


00581 


99776 


00805 


99196 


00224 


99419 


11 




50 


11 13 20 


46 40 


9.00704 


9.99775 


9.00930 


10.99070 


10.00225 


10.99296 


10 




51 


13 12 


46 48 


00828 


99773 


01055 


98945 


00227 


99172 


9 




52 


13 4 


46 56 


00951 


99772 


01179 


98821 


00228 


99049 


8 




53 


12 66 


47 4 


01074 


99771 


01303 


98697 


00229 


98926 


7 




54 


12 48 


47 12 


01196 


99769 


01427 


98573 


00231 


98804^ 


6 




55 


11 12 40 


47 20 


9.01318 


9.99768 


9.01550 


10.98450 


10.00232 


10.98682 


5 


t 


56 


12 32 


47 28 


01440 


99767 


01673 


98327 


00233 


98560 


4 


t 


57 


12 24 


47 36 


01561 


99766 


01796 


982b4 


00235 


98439 


3 




58 


12 16 


47 44 


01682 


99764 


01918 


98082 


00236 


98313 


2 




59 


IS 8 


47 52 


01803 


99763 


02040 


97960 


00237 


9819'! 
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60 


12 0| 


48 


01923 


99761 


02162 


97838 


00239 


98077 
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6 Degs. 
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t 1 M 
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Hourp.M. 


Sine. 


Co-8irie. langent. 


Co-tang. 


Secant. 


Cosecant 


M ' 







U 12 


4« 


9.01923 


9.99761 9.02162 


10.97838 


10.00239 


10.98077 


60 




1 


11 62 


48 8 


02043 


99760 02283 


97717 


00240 


97957 


59 




2 


11 44 


48 16 


02163 


99759 


02404 


97596 


00241 


97837 


58 




3 


11 36 


48 24 


02283 


99757 


02525 


97476 


00243 


97717 


57 




4 


11 28 


48 32 


02402 


99756 


0264.5 


97355 


00244 


97598 


56 


5 


11 U 20 


48 40 


9.02520 


9.99766 


9.02766 


10.97234 


10.00245 


10.97480 


55 




6 


11 12 


48 48 


02639 


99763 


02885 


97115 


00247 


97361 


54 




7 


11 4 


48 66 


02757 


99762 


03005 


96995 


00248 


97243 


53 




8 


10 66 


49 4 


02374 


99751 


03124 


96876 


00249 


97126 


52 




9 


10 48 


49 12 


02992 


99749 


03242 


96758 


00251 


97008 


51 


10 


U 10 40 


49 20 


9.03109 


9.99748 


9.03361 


10.96639 


10.00252 


10.96891 


50 




11 


10 32 


49 28 


03226 


99747 


03479 


96521 


00253 


96774 


49 




12 


10 24 


49 36 


03342 


99745 


03597 


96403 


00255 


96658 


48 




13 


10 16 


49 44 


03458 


99744 


03714 


96286 


00256 


96542 


47 




14 


10 8 


49 62 


03574 


99742 


08832 


96168 


00268 


96426 


46 


15 


U 10 


50 


9.03690 


9.99741 


9.03948 


10.96052 


10.00259 


10.96310 


43 




16 


9 52 


50 8 


03805 


99740 


04065 


95935 


00260 


96195 


44 




17 


9 44 


50 16 


03920 


99738 


04181 


96819 


00262 


96080 


43 




18 


9 36 


50 24 


04034 


99737 


04297 


95703 


00263 


95966 


42 




19 


9 28 


50 3S 


04149 


99736 


04413 


95587 


00264 


95851 


41 


20 


11 9 20 


50 40 


9.04262 


9.99734 


9.04528 


10.95472 


10.00266 


10.95738 


40 




21 


9 12 


50 48 


04376 


99733 


04643 


95357 


00267 


95624 


39 




22 


9 4 


50 56 


04490 


99731 


04758 


95242 


00269 


95510 


38 




23 


8 56 


51 4 


04603 


99730 


04873 


95127 


00270 


95397 


37 




24 


8 48 


51 12 


04716 


99728 


04987 


95013 


00272 


95285 


36 


25 


11 8 40 


61 20 


9.04828 


9.99727 


9.05101 


10.94899 


10.00273 


10.95172 


35 




26 


8 32 


51 28 


04940 


99726 


05214 


94786 


00274 


95060 


34 




27 


8 24 


51 36 


06052 


99724 


05328 


94672 


00276 


94948 


33 




28 


8 16 


51 44 


06164 


99723 


05441 


94559 


00277 


94836 


32 




29 


8 8 


61 52 


06275 


99721 


05553 


94441 


00279 


94725 


31 


30 


11 8 


52 


9.0^386 


9.99720 


9.05666 


10.94334 


lO.OO^bO 


10.94614 


30 




31 


7 52 


52 8 


05497 


99718 


05778 


94222 


00282 


94503 


29 




32 


7 44 


62 16 


05607 


99717 


05890 


94110 


00283 


94393 


28 




33 


7 36 


52 24 


05717 


99716 


06002 


93998 


00284 


94283 


27 




34 


7 28 


52 32 


05827 


99714 


06113 


93387 


00286 


94173 


26 


35 


11 7 20 


52 40 


9.05937 


9.99713 


9.06224 


10.93^76 


10.00287 


10.94063 


25 




36 


7 12 


62 48 


06046 


99711 


06335 


93665 


00289 


93954 


24 




37 


7 4 


62 66 


06155 


99710 


06445 


93556 


00290 


93846 


23 




38 


6 5S 


63 4 


06264 


99708 


06556 


93444 


00292 


93736 


22 




39 


6 48 


53 12 


06372 


99707 


06666 


93334 


00293 


93628 


21 


40 


11 6 40 


53 20 


9.06481 


9.99705 


9.06775 


10.93225 


1#.00295 


10.93519 


20 




41 


6 32 


63 28 


06589 


99704 


06885 


93115 


00296 


93411 


19 




42 


6 24 


63 36 


06696 


99702 


06994 


93006 


00298 


93304 


18 




43 


6 16 


63 44 


06804 


99701 


07103 


92897 


00299 


93196 


17 


' 


44 


6 8 


53 52 


06911 


99699 


07211 


92789 


00301 


93089 


16 


45 


11 6 


54 


9.07018 


9.99698 


9.07320 


10.92680 


10.00302 


10.92982 


15 




46 


6 52 


54 8 


07124 


99696 


07428 


92572 


00304 


92876 


14 




47 


5 44 


64 16 


07231 


99695 


07536 


92464 


00305 


92769 


13 




48 


6 36 


54 24 


07337 


99693 


07643 


92357 


00307 


92663 


12 




49 


5 28 


54 32 


07442 


99692 


07751 


92249 


00308 


92568 


11 


50 


11 5 20 


54 40 


9.07548 


9.99690 


9.07858 


10.92142 


10.00310 


10.92452 


10 




51 


5 12 


54 48 


07653 


99689 


07964 


92036 


00311 


92347 


9 




52 


5 4 


64 56 


07758 


99687 


08071 


91929 


00313 


92242 


8 \ 




53 


4 66 


56 4 


07863 


99686 


08177 


91823 


00314 


92137 


^ 1 




^41 


4 48 


65 12 


07968 


99684 


08283 


91717 


00316 


92032 


6 


65 


11 4 40 


55 20 


9.08072 


9.99683 


9.08389 


10.91611 


10.00317 


10.91928 


6 




66 


4 S2 


55 28 


08176 


99681 


08495 


91506 


00319 


91824 


4 




67 


4 24 


56 36 


08280 


99680 


08600 


91400 


00320 


91720 


3 




58 


4 16 


56 44 


08383 


9967S 


08705 


91295 


00322 


91617 


2 


I 69 1 


4 8 


55 62 


084861 


99677 


08810 


91190 


00323 


91514 


1 


i 1 


60 


4 


56 


085891 


99675 


08914 


91086 


00325 


91411 





Ij 


M 


Mourp.M.lHoiirA M.i.Co-sine. 1 


Sine. 


Co-iang. 


Tangent. Co-secant 


Secant. 


Mi 



96 De^. 



Degs. 83. 



<!!i5kv3?" 



■^JLaL- 



^^^ 



Log. ^'uxeSf Taageuts and Secaiii^. 



HoiirAJK.|Hoiirp.H4 



M- 



I M 




1 

3 



n 



4 
3 52 
8 44 

5 36 
3 S8t 



66 
66 
66 16 

66 24 
66 32 



6 
6 

7 
S 
9 



11 



3 
3 
3 

2 
2 



20 
12 

4 
56 
48 



10 
11 
12 
13 
U 



11 



2 40 
2 32 
2 24 
2 16 
2 8 



15 
16 
17 
18 
19 



il 



2 
1 62 
1 44 
1 36 
1 28 



20 
21 

22 
23 

24 



U 



I 20 
1 12 

1 4( 
66 
48 



25 
26 

27 
28 
29 



11 



66 40 
66 48 
66 66 



67 
67 



4 
12 



67 201 
67 28 
67 36 
67 44 
57 62 



68 
68 
«6 16 
68 24 
58 32 







68 40 
68 48 

68 66 

69 4 
59 12 



40 

32 

241 

16 

81 







30 
31 
32 
33 
34 



11 O 
10 59 62 

59 44 
59 36 
59 28 



35 
36 
37 
38 
39 



10 69 20 
59 12 
59 4 
58 56 
58 48 



59 20] 
69 28 
69 36 
69 44 
69 52 






16 
24 
32 



40 
41 

42 
43 
44 



iO 58 40 
58 32 

58 24 

68 

58 



16 

8 



45 

46 
47 
48 
49 



50 
51 
62 
53 

54 



65 
66 
67 
58 
69 
60 



10 58 
67 52 
67 44 
37 36] 
57 28 



10 67 20 
57 12 
67 
56 561 
56 48 



10 56 40 
56 32 
56 24 
56 16 
56 8 
56 



40 
48 

56 

1 4^ 
1 12 



1 201 
1 28 
1 36 
1 44 
1 52 



Siite. I Co-aine. (Tangent. | Co-tang. [ 



9.08589 
08692 
08795 
08897 
08999 



9.09101 
09202 
09304 
09405 
09506 



9.09606 
09707 
09807 
09907 
10006 



J0106J 
10205 
10304 
10402 
10501' 



10699 
10697 
10796 
10893 
10990 



9.99675 
99674 
99672 
99670 
99669 



9.99667 
99666 
99664 
99663 
99661 



9.99659 
99658 
99656 
99655 
99653 



9.99661 
99650 
99648 
99647 
99645 



11087 
11184 
11281 
11377 

114741 



9.99643 
99642 
99640 
99638 
99637 



9.08914,10.91086 



090191 



09123 90877 



09227 
09330 



9.09434 
09537 
09640 

00742 
09846 



9.09947 
10049 
015Q 
0252 
0353 



9J0454 

10555 

0656 

0756 

0856 



9. 



9.99636 
99635^ 
99632 
99630f 
99629 



9. 



9.11570 
11666 
11761 
11857 
11952 



9.12047 

12142 

>)2236 

12331 

12425 







8 



2 
2 
it 16 
2 24 
2 32 



2 i% 
2 48 

2 56 

3 4 
3 12 



M Ih 



CMirP.M. 



1 3 20 
3 28 
3 36 
3 44 

3 52 

4 



9.12519 
12612 
12706 
12799 
12892 



9.12985 
13078 
13171 
13263 
13355 



9.13447 
13539 
13630 
13722 
13813 



HourA-M 



9.13904 
13994 
14085 
14175 
14266 
14356 



9.99627 
99625 
99624 
99622 
99620 



9.99618 
99617 
996151 
99613 
99612 



9.99610 
99608 
996071 
99605 
99603 



9.99601 
99600 
99598 
99696 
99595 



9.99593 
99591 
99589 
99588 
99586 



Co'sine. 



9.99584 
995;;2 
99581 
99579 
99577 
99575 



9. 



9. 



9. 



0956 
1056 
115^ 
1254 
1353 



1452 
1651 
1649 
1747 
1846 



1943 
2040 
2138 
2236 
2332 



2428 

25251 

2621 

2717 

28131 



2909 
30041 
3099 
31941 
3289 



3384 
3478 
3573 
3667 
3761 



3854 
3948 
4041 
4134 

4227 



4320 
4412 
4504 
4597 
4688 
4780 



Sine. Cq-tang. 



90981 



90773 
90670 



10.90566 
90463 
90360 
90258 
90155 



10 



.90053 
89951 
89850 
89748 
89647 



10 



.89546 
89445 
89344 
89244 
89144 



10. 



89044 
88944 
88846 
88746 
88647 



10. 



88548 

88449 

88351 

882531 

88165 



10 



.88057 
87960 
87862 
87765 
87668 



10 



.87572 
87476 
87379 
87283 
87187 



10. 



87091 
86996 
86901 
86806 
867 U 



10.86616 
86^22 
86427 
86333 
86239 



Secant. |Co-iecAirtl M f 



10.00325 
00326 
€0328 
00330 
00331 



10.00333 
00334 
00336 
00337 
00339 



10 



00341 
00342 

00344 
O0345 
00347 



10 



.00349 
00360 
00352 
00353 
00355 



10 



.00357 
00358 
00360 
00362 
00363 



10. 



00366 
00367 
00368 
00370 
00371 



10 



.00373 
00378 
00376 
00378 
00380J 



10 



10 



.00382 
00383 
00386 
00387 
00388 

.00390 
00392 
00393 
00396 
00397 



10.00399 
00400 
00402 
00404 
00406 



10.86146 
86052 
85959 
85866 
85773 



Tan 



E}± 



10.00407 
00409 
00411 
00412 
00414 



10.8568010.00416 
85588 00418 
85496 00419 
85403 00421 
85312 00423 
852201 00426 



10.91411 
91308 
91205 
91103 
91001 



10.90899 
90798 
90696 
90595 
90494 



10 



90394 
90298 
90193 
90093 
89994 



10. 



89894 
89796 
89696 
89698 
89499 



ib: 



89401 
89303 
89206 
89107 
89010 



10.8U913 
88816 
88719 
88623 
88526 



10.88430 
88334 
88239 
88143 
88048 



10 



.87953 
87868 
87764 
876^ 
87575 



10 



.87481 
87388 
87294 
87201 
87108 



10.87015 
869221 
86829 
86197 
866^ 



10.86553 10 

86461 9 

8G370 8 

8^78 7 

861S 6 



Co-secaiit 



10.86096 
86006 
859151 
8.5825 
85734 
85644 



60 
69 
68 
67 
66 



65 
64 
63 
62 
61 



50 
49 
48 
47 
46 



46 
44 

43 
42 
41 



40 
39 
38 
37 
36 



35 
34 
33 
32 
31 



30 
29 
23 
27 
26 



26 

24 
23 
22 
21 



20 
19 
18 
17 
16 



15 
14 
13 
12 
11 



5 
4 

3 

% 
1 




Secant. ' M 



"Sag^ 



i 



97 Degii. 











Log. Sines, Tangents and Secants. 




t 




8 De^. 




Degs. 171, 




M 


HourA^. 


Hourp.M. 


[ Sine. 1 Co- sine. 


Tangent. 


Co'tang. 


1 Secant 


Co-secant M ; 







10 56 1 4 9.14356 


9.9957!S 


9. 14780 


10.86220 


10.00425 


10.85644) 60 i 




1 


55 52 4 8 14445 


99574 


14872 


85128 


00426 


85555 


69 




2 


55 44 4 16 14535 


99572 


14963 


85037 


00423 


85465 


68 


i 


3 


56 36 4 24 


14624 


9967C 


15054 


84946 


00430 


85376 


67 


1 


4 


55 28 


4 32 


14714 


9956fl 


15145 


84855 


00432 


85286 


66 




6 


10 55 2Q 


1 4 40 


9.14803 


9.99566 


9.15236 


10.84764 


10.00434 


10.85197 


^5 




6 


55 IS 


4 48 


14891 


9956ii 


15327 


84673 


0043^ 


8510^ 
'8502J 


64 




7 


55 4 


4 56 


14980 


99562 


16417 


84583 


00437 


63 




8 


54 56 


5 4 


15069 


9956] 


1550$ 


84492 


Q045i 


84931 


62 




' 9 


54 48 


5 18 


15167 


9955S 


1559^ 


84402 


00441 


8484^ 


51 


 1 

J 


10 


10 54 40 


1 5 20 


9.16246 


9.99551 


9.16688 


10.84312 


10.00443 


10.8475{i 


50 


11 


54 32 


5 28 


1533^ 


9955( 


15777 


8422^ 


00449 


84667 


49 


1 


IS 


54 24 


5 36 


16421 


99564 


15867 


8413;] 


00446 


8457<) 


48 




13 


54 16 


6 44 


15508 


9955S 


15956 


84044 


00448 


84498 


47 




14 


64 8 


5 52 


15596 


3955C 


16046 


83954 


004dr] 


84404 


46 




15 


10 54 


1 6 


9.15683 


9.9954C 


9.16130 


10.83866 


10.0045^3 


I0.84dn 


45 




16 


53 52 


6 8 


16770 


9954£ 


16224 


83776 


00454 


8423C 


44 


• 


17 


53 44 


6 16 


15857 


9954£ 


» 16312] 83688 


00455 


84142 


43 




18 


53 36 


6 24 


15944 


9954S 


1 1640i 


83599 


00457 


840511 


42 




19 


53 28 


6 32 


16030 


99541 


16489 


83511 


00459 


8397C 


41 

' 40 




to 


10 53 20 


1 6 40 


9.16116 


9.9953S 


\ 9.16577 


10.83423 


10.00461 


10.838^ 


> 


21 


53 12 


6 48 


16203 


99.331 


f 16665 


83335 


00463 


' 8379r7 


39 


r 


22 


53 4 


6 56 


16289 


9953£ 


16753 


83247 


00465 


83711 


38 




23 


52 56 


7 4 


16374 


99533 


16841 


83159 


00467 


83626 


37 


• 


24 


62 48 


7 12 


16460 


9953S 


16928 


83072 


00468 


83540 


36 




25 


10 52 40 


1 7 20 


9.16545 


9.9963C 


9.17016 


10.82984 


10.00470 


10.83455 


35 




^6 


52 32 


7 28 


16631 


9952S 


17103 


82897 


00472 


83369 


34 




27 


52 24 


7 3fi 


16716 


99526 


17190 


32810 


00474 


83284 


33 


■I 


28 


52 lis 


7 M 


16801 


9952(4 


17277 


82723 


00476 


831^ 


32 




29 


52 8 


7 52 


16886 


99522 


17363 


82637 


00478 


83114 


31 




30 


10 52 


1 8 » 


9.16970 


9.99520 


9.17450 


10.82550 


10.00480 


10.83030 


30 




81 


51 52 


8 8 


1705A 


99518 


17536 


82464 


00482 


82945 


29 




32 


51 44 


8 16 


17139 


99517 


17622 


P2378 


00483 


82861 


28 




S3 


51 36 


8 24 


17223 


99515 


17708 


82292 


00435 


82777 


27 




34 


51 28 


8 32 


17307 


99513 


17794 


82206 


00487 


82693 


26 




35 


10 51 20 


1 8 40 


9.17391 


9.99511 


9.17880 


10.82120 


10.00489 


10.82609 


25 




36 


51 12 


8 4^ 


17474 


99509 


17965 


82035 


00491 


82626 


24 




37 


51 4 


8 66 


17558 


99507 


18051 


81949 


00493 


82442 


23 




38 


60 56 


9 4 


17641 


99505 


18136 


81864 


00495 


82359 


22 




39 


50 48 


9 12 


17724 


99503 


18221 


81779 


00497 


82276 


21. 




40 


10 50 40 


1 9 20 


9.17807 


9.99501 


9.18306 


10.81694 


10.00499 


10.82193 


20 




41 


60 32 


9 28 


17890 


99499 


18391 


81609 


00501 


82110 


19 




42 


50 fU 


9 36 


17973 


99497 


18475 


81525 


00503 


82027 


18 




43 


50 16 


9 44 


18055 


99495 


18560 


81440 


00505 


81945 


17 




44 


50 8 


9 52 


18137 


99494 


18644 


81366 


00506 


81863 


16 




45 


10 50 


1 10 


9.18220 


9.99492 


9.18728 


10.81272 


10.00508 


10.81780 


15 


, 


46 


49 52 


10 8 


18302 


99490 


18812 


81188 


00510 


81698 


14 




47 


49 44 


10 16 


18383 


99488 


18896 


81104 


00512 


816t7 


13 




48 


49 36 


10 24 


18465 


99486 


18979 


81021 


00514 


81535 


12 




49 


49 28 


10 32 


18647 


99484 


19063 


80937 


00516 


81463 11 




50 


10 49 %0 


1 10 40 


9.18628 


9.99482 


9.19146 


10.80854 


10.00518 


10. 8137a 10 




51 


49 ^2 


10 48 


18709 


99480 


19229 


80771 


00520 


. 812$1 


9 




52 


49 4 


10 56 


18790 


99478 


19312 


80688 


00522 


81210 


8 




53* 


48 56 


11 4 


18871 


99476 


19396 


.80606 


005^ 


81129 


7 




54 


48 48 


11 12 


18952 


99474 


19478 


80522 


00526 


81048 


6 


' 


55 


10 48 40 


1 11 20 


9.19033 


9.99472 


9.19561 


10.80439 


10.00528 


10.80967 


5 




M 


48 32 


11 28 


19113 


99470 


19643 


80357 


005^ 


80887 


4 




• 57 


48 S4 


11 36 


19193 


99468 


19725 


80275 


00532 


80807 


3 




58 


48 16 


11 44 


19273 


99466 


19807 


80193 


00534 


80727 


2 




59 


48 U 


11 di 


193531 


99464 


19889 


80111 


00536 


80647 


1 




60 


48 


12 


19433 


99462 


19971 


80029i 


00538 


80667 





' 


M ] 


(ioarp.ii. 1 


i:lourA.M. Co-sine. 1 


Siue. 


Co-tang. 


Tangent.*Co-secanti 


Secant I M ' 



98 I>egs. 



Pegs. 81. 



gp^ff- 



juog, ouitiSf 'i ittigeiiui and becaitw^ 



Hourp.M.| Sioe. | Co-siae. 



Pegs. |70. 



M 




1 
% 
3 
4 



5 

7 
8 
9 



10 
U 
IS 
13 
14 



Id 
16 
17 
18 
19 



21 
«2 
23 
24 



t5 

27 
28 
29 



30 
31 
32 
33 
34 



35 
36 
37 
38 
39 



40 
41 
42 
43 
44 



45 

47 
48 
49 



90 
51 
62 
53 
54 



55 
56 
57 
58 
59 
60 



BourA.M 



10 48 
47 

47 
47 
47 




52 
44 
36 

53 



lO 47 

47 
47 
46 
46 



20 
1^' 
4 
56 
48 



10 46 
46 
46 
46 
46 



40 
32 

24) 



10 46 
45 
45 
45 
45 





28 



10 45 
45 
45 
44 
44 



20 

1? 



I 



5 
48 



10 44 
.44 
44 
44 
44 



40 
3t 
24 
16 



10 44 

43 
43 
43 
43 



P 
6t 
441 
36 
2^ 



IP 43 
43 
43 
42 

42 



20 
12 
4 
5 



10 42 
42 
42 

42 
42 



401 
3% 

24 

16 

8 



10 42 
41 
41 
41 
41 




6i! 
44 
3)6 

2^ 



10 41 
41 
41 

40 



20 
12 
4 
56 
48 



10 40 
40 
40 
40 
40 
40 



40 
32 
241 
16 
8 




Tangent I Co-taB«;.( becant. 



1 12 
12 
12 

12 

12 



9.19433 
81 19513 



16 

24 



1 It 
12 
12 
13 
IS 



w 

43 

56 

4 

12 



1 13 
IS 
13 
13 
IS 



20 
28 
36 
44 

5i 



1 14 
14 
14 
14 

14 





8 

16 

24 
St 




1 15 
15 
15 



20 
2$ 
36 
44 

5i 



1 16 
1^ 
Ifi 
16 
16 



16 

24 
32 



1 16 



17 



40 
48 
56 
4 
1^ 



1 17 

17 
17 
17 
17 



20 
28 
36 
44 
52 



1 18 
18 

is 

18 
18 





a 

IG 
24 
32 



1 18 
18 
18 
19 
19 



40 
48 
56 
4 
12 



1 19 
19 
19 
19 
19 
20 



20 
28 
36 
44 

5i 




19592 
19672 
19751 



9.l9Sa0 
19909 
19988 
20067 
201451 



9.20223 
20302 
20380 
2045^ 
20535 



9.20613 
20691 
20768 
20845 
20922 



.20999 
21076 
2115^ 
2122$ 
21306 



.21382 
21458 
21534 
21610 
21686 



.21761 
21836 
21912 
21987 
22062 



9.22137 
22211 
22286 
22361 
22435 



9.22609 
22583 
22667 
22731 
22805 



9.2287i; 
22952 
23025 
23098 
23171 



9.23244 
23317 
23390 
23462 
23635 



9.23607 
23679 
23752 
23823 
23896 
23967 



M Hourr.M.iHouTA.K. Co-sine. 
■*— ► 



9.99462 
99460 
99458 
99456 

99454 



9.99462 
99450 
99448 
99446 
99444 



9.994421 
99440 
99438 
9943^ 
99434! 



9.99432 
99429 
99427 
99426 
99423 



9.99421 
9941$ 
99417 
99415 
9941$ 



9.99411 
99409 
99407 
99404 
99402 



9.99400 
99398 
99396 
99394 
99392 



9.99390 
99388 
99386 
99383 
99381 



9.99379 

•99377 

99376 

99372 

99370 



9.99368 
99366 
99364 
99362 
9935$ 



9.99367 
99355 
99353 
99361 
99348 



9.99346 
99344 
99342 
99340 
99337 
99336 



Sine; 



9.19971 
20063 
20134 
20216 

20297 



10.80029 
79947 
79866 
79784 
79703 



9.20378 
20459 
20540 
20621 
20701 



9.20782 
20862 
20942 
21022 
21102) 



.21182 
21261 
21341 
214201 
21499 



.21578 
2166't 
21736 
21814 
21893 



.21971 
22049 
22127 
22205 
22283 



.22361 
22438 
22516 
22593 
22670 



.22747 
22824 
22901 
22977 
23054 



.23130 
23206 
23283 
23359 
23435 



.23510 
23586 
23661 
23737 
23812 



.23887 
23962 
240371 
24112 
24186 



9.24261 
24335 
24410 
24484 
24668 
24G32 



10.7%22 
79641 
79460 
79379 
79299 



10.79218 
79138 
79058 
78978 
76898 



10 



.78818 
78739 
78659 
78680 
78301 



10 



.78422 
78343 
78264 
78186 
78107 



10 



.78029] 
77961 
77873 
77795 
77717 



10 



77639 
77562 
77484 
77407 
77330 



10 



.77253 
77176 
77099 
770231 
76946 



10 



,76870 
76794 
76717 
76641 
76565 



10.00538 
00540 
00542 
00544 
00546 



Co-secant) M 



10.80567 
80487 
80408 
8Q328 
80249 



10.0054a| 
0056Q 
00552 
00554 
00556 



10.00558 
00560 
00562 
00564 
00566 



10.00568 
00571 
00573 
00576 
00577 

10.00579 
00581 
00583 
00586 
00687 



10.00589 
00691 
00593 
00.')96 
00698 



10.00600 
00602 
00604 
00606 
00608 



10.00610 
00612 
00616 
00617 
00619 



10 



.76490 
7G414 
76339 
•^6263 
76188 



10 



.76113 
76038 
76963 
76888 
76814 



99 Ifcgs. 



Co-tang. 



10.75739 
76665 
75690 
76516 
75442 
75368 



Tangent. 



10.00621 
00623 
00626 
00628 
00630 

10.00632 
00634 
00636 
00638 
00641 



10.00643 
00645 
00647 
00649 
00652 



10.00654 
00656 
,00658 
00660 
00663 
00666 



Co-aecant 



10.80170 
a0G91 
80012 
79933 
79855 



10.79777 
79698 
79620 
79542 
79465 



10.79387 
79309 
79232 
79155 
79078 



10.79001 

78924 
78847 
78771 
78694 



10.78618 
78542 
78466 
78390 
78316 



10.78239 
7B1644 
78088 
78013 
77938 



10.77863 
77789 
77714 
77639 
77665 



10 



,77491 
77417 
77343 
77269 
77195 



10 



.77122 
77048 
76976 
76902 
76829 



10.76766 
76683 
76610 
76538 
76466 



10.76393 
76321 
76248 
76177 
76105 
76033 



Secant. Ai 



60 
69 
68 
67 
56 



65 
64 
53 
62 
61 



60 

49 
48 

47 
46 



46 
44 
43 
42 
41 



40 
39 
38 
37 
36 



35 
34 
33 
32 
31 



30 

29 
28 
27 
26 



25 
24 
23 
22 
21 



20 
19 
18 
17 
16 



15 
14 
13 
12 
11 



10 
9 
8 

7 
6 



3 
4 

3 
2 
1 




De|;ii.80. 



f 



lODftgs 



Log. Sines, Tangents and Secants. 



Dcgi. 169. 



M {HouTA.M.IHoarpji. 




1 
2 
3 
4 

5 
6 
7 
8 
9 



10 
11 
12 
13 
14 



10 40 
39 52 
39 44 
39 36 
39 28 

10 39 20 
39 12 
39 4 
38 56 
38 48 




8 



Sine. ( Co*8ine. 



20 
20 
20 16 
20 24 
20 32 



15 
16 
17 

18 
19 



20 
21 

22 
23 
24 



26 
26 
27 
28 
29 



30 
31 
32 
33 
34 

36 
36 
37 
38 
39 



40 
41 
.42 
43 
44 



45 
46 
47 
48 
49 



60 
51 
52 
53 
54 



55 
56 
67 
58 
59 
6U 



10 38 40 
38 32 
38 24 
38 16 
38 8 



10 38 
37 52 
37 44 
37 36 
37 28 



10 37 20 
37 12 
37 4 
36 56 
36 48 



10 36 40 
36 32 
36 24 
36 16 
36 8 



10 36 
35 52 
35 44 
35 36 
S5 28 

10 35 20 
35 12 
35 

34 56 
34 48 



10 34 40 
34 32 
34 24 
34 
34 



16 

8 



10 



3i 
33 52 
33 44 
33 36 
33 28 



10 33 20 
33 12 
33 4 
32 56 
32 48 



10 32 46 
32 32 
32 24 
32 16 
32 
32 



8 



1 20 40 
20 48 

20 66 

21 4 
21 12 



9.23967 
24039 
241101 
24181 
242531 



9.24324 
24395 
24466 
24536 
24607 



21 20 
21 28 
21 36 
21 44 
21 52 



1 22 
22 
22 16 
22 24 
22 32 



1 



22 4(; 

22 48 

22 5a 

23 4 
23 12 



23 20{ 
23 28 
23 36 
23 44 
23 52 



24 
24 
24 16 
24 24 
24 32 



9.99335 
99333 
99331 
99328 
99326 



Tangent. 



9.24632 
24706 
24779 
24853 
24926 



Co4ang.{ Secant. iCo-secanu M | 



10.75368|10.00665|10.76033i 60 



9.99324 
99322 
99319 
99317 
99315 



9.24677 
24748 
24818 
24888 
24958 



9.25028 
25098 
25168 
26237 
25307 



9.25376 
26445 
26514 
25583 
25652 



9.25721 
257901 
25858 
25927 
26995 



24 40 
24 48 

24 56 

25 4 
25 12 



9.26063 
26131 
26199 
26267 
26335 



26403 
26470 
26638 
26605 
26672 



25 20 

25 28 

26 36 
26 44 
25 52 



26 
26 8 
26 16 
26 24 
26 32 



.26739 
26806 
26873 
26940 
27007 



26 40 
26 48 

26 56 

27 4 
27 12 



3 



27 20 
27 28 
27 36 
27 44 

27 52 

28 



9.27073 
27140 
27206 
27273 
27339 



9.27405 
27471 
27537 
27602 
27668 



9.27734 
27799 
27864 
27930 
27995 
28060 



I, M IHoufp.M,'Houf A.M.i Conine. 
X00D«g9. 



9.99313 
99310 
99308 
99306 
99304 



9.99301 
99299 
99297 
99294 
99292 



y.9y21K» 
99288 
99285 
99283 
99281 



9.9Utli8 
99276 
99274 
99271 
99269 



9.99267 
99264 
99262 
99260 
99257 



9.99255 
99252 
99250 
99248 
^9245 



9.99243 
99241 
99238 
99236 
99233 



9.99231 
99229 
99226 
99224 
99221 



9.99219 
99217 
99214 
99212 
99209 



9.99207 
99204 
99202 
99200 
99197 
99195 



9.26000 
25073 
25146 
25219 
25292 



.25365 
26437 
25510 
25682 
25655 



,25727 
25799 
25871 
25943 
26015 



9.26086 
26158 
26229 
26301 
26372 



9.26443 
26514 
26585 
26656 
26726 



9.26797 
26867 
269371 
27008 
27078 



9.27148 
27218 
27289 
27357 
27427 



9.27496 
m66 
27635 
27704 
27773 



9.27842J10 
27911 
27980 
28049 
28117 



9.28527 
28595 
28662 
26730 
28798 
28866 



75294] 
75221 
75147 
75074 



10.75000 
74927 
74854 
74781 
74708 



10.74635 
74663 
74490 
74418 
74345 



10.74273 
74201 
74129 
74057 
73985 



10.7391410.00710 



73842 
73771 
73699 
73628 



10.73557 
73486 
73416 
73345 

73274 



10 



.73203 
73133 
73063 
72992 
72922 



10 



.72852 
72782 
72712 
72643 
72573 



10 



.72504 
72434 
72365 

72296 
72227 



7208» 
72020 
71951 
718831 



9.28186 10. 71814J10. 00781 
28254 71746 00783 
28323 71677 00786 
28391 71609 00788 
28459 71541 00791 



10.71473 
71405 
71338 
71270 
71202 
71135 



00667f 
00669 
00672 
00674 



10.00676 
00678 
00681 
00683 
00685 



10.00687 
00690 
00692 
00694 
00696 



10.00699 
00701 
00703 
00706 
00708i 



00712 
00715 
00717 
00719 



10.00722 
00724 
00726 
007291 
00731 



10 



.00733 
00736 
00738 
00740 
00743 



10 



00745 
00748 
00760 
00752 
00765 



10.00767 
007591 
00762 
00764 
00767 



72158|10.00769 
00771 
00774 
00776 
00779 



Sine. ' Co«tang. Tangent Co>secam 



10.00793 
00796 

. 00798 
00800 
00803 
00805 



76961 
75890 
76819 
76747 



10.75676 
75606 
75534 
75464 
75393 



10.75323 
75252 
75182 
75112 
76042 



10.74972 
74902 
74832 
74763 
74693 



10.74624 
74555 
74486 
74417 
74348 



10.74279 
74210 
74142 
74073 
74005 



10.73937 
73869 
7380] 
73733 
73666 



10.73697 
73630 
73462 
73395 
73328 



10 



.73261 
73194 
73127 
73060 
72993 



10 



.72927 
72860 
72794 
72727 
72661 



10.72595 
72529 
72463 
72398 
72332 



10.72266 
72201 
72136 
720701 
72006 
71940 



59 
58 
67 
56 



65 
54 

53 
52 
51 



50 
49 
48 
47 

46 



45 
44 
43 
42 
41 



40 
39 
38 
37 
36 



35 
34 
33 
32 
31 



30 
29 

28 
27 
26 



25 
24 
23 
22 
21 



20 
19 
18 
17 
16 



15 
14 
13 
12 
11 



10 
9 
8 
7 
6 



5 
4 

3 
2 
1 




Secant- 



M 



Pegs. 79, 



M HourAJii^iirp.ic 



Log* Sinesy Tangents and Secant*. 




Sue. 



Co-sliie. 



Taageat. 



Pie.l6S. 



Co-tao^.f Secant. jjC^-muM 



M 




1 

s 

3 

4 



28 
£8 
SB 16 
SB 24 
28 32 



9.28060 
28125 
28190 
28264 
28319 



9.99195 
99192 
99190 
99187 
99185 



9.28865 
28S|33 
29GD0 
290B7 
29134 



10.71135 

71067 
71000 
70933 
70866 



10.00805 
00808 
00810 
00813 
00815 



10 



.719401 60 
71875 59 
71810 58 
^746 57 
71681 56 



5 
6 

7 
8 
9 



10 31 20 
31 12 
31 
80 56 
30 48 



10 
11 
12 
13 
14 



10 30 40 
30 32 
30 24 
30 16 
30 8 



28 401 
28 48 

28 &S 

29 4 
29 12 



29 20 
29 28 
29 36 
29 44 
29 52 



9.28384 
28448 
28612 
28577 
28641 



9.99182 
99180 
99177 
99175 
99172 



9.29201 
29268 
29335 
29402 
29468 



10 



.70799 
7073J 
70665 
70598 
70532 



10.00818 
00d20 
00823 
00825 
00828 



10 



.71616 
71552 
71488 
71423 
71359 



9.28705 
28769 
28833 
;!8896 
28960 



9.99170 
99167 
99165 
99162 
99160 



9.29535 
29601 
29668 
29734 
39800 



10 



.70465 
70399 
70332 
70266 
70200 



10.00880 
00833 
00835 
00838 
00840 



10 



71296 
71231 
71167 
71104 
71040 



66 
64 

63 
62 
61 



60 
49 
48 
47 
46 



16 
16 
17 
18 
19 



10 30 
29 52 
29 44 
29 36 
29 28 



30 
30 
30 16 
30 24 
30 32 



9.29024J 
29087 
29150 
29214 
29277 



9.99167 
99155 
99152 
99160 
99147 



9.29866 
29932 
29998 
30064 
30130 



10 



.70134 

70068 
70002 
69936 
69870 



W. 



00843 
00846 
00848 
00860 
00863 



10. 



70976 
70913 
70860 
70786 
70723 



46 
44 
43 
42 
41 



20 
21 

22 
23 

24 



10 29 20 
29 12 
29 4 
28 66 
28 48 



1 30 40 
30 48 

30 66 

31 4 
31 12 



9.29340 
29403 
29466 
29629 
29591 



25 
26 
27 
28 
29 



30 
31 
32 

34 



35 
36 
37 
38 
39 



10 28 40 
28 32 
28 241 
28 
28 



16 

8 



1 31 20 
31 28 
31 36 
31 44 
31 52 



10 28 
27 52 
27 44 
27 36 
27 28 



10 27 20i 
27 12 
27 4 
26 56 
26 48 



32 
32 
32 16 
32 24 
32 32 



32 40 
32 48 

32 56 

33 4 
33 12 



9.29654 
29716 
29779 
29841 
29903 



9.29966 
30028 
30090 
30151 
30213 



9.99146 
99142 
99140 
99137 
99135 



9.30195 
30261 
303261 
30391 
30457 



10 



.69805 
69739 
69674 
69609 
69543 



10. 



00866 
00858 
00860 
00863 
00865 



10.t0660 
70597 



70534 38 



70471 



70409 36 



9.9913S 
99130 
99127 
99124 
99122 



9.99119 
99117 
99114 
99112 
99109 



9.30275 
30336 
30398 
30459 
30621 



9.99106 
99104 
99101 
99099 
99096 



9.30622 
30587 
30652 
30717 
30782 



9.30846 
30911 
30975 
31040 
31104 



9.31168 
31233 
31297 
31361 
31425 



10.69478 
69413 




69283 
69218 



10.6915410 
69089 
69025 
68960 
68896 



10.00868 
00870 
00873 
00876 
00878 



.00681 
00883 
0088^ 
00888 
00891 



10 



,68832 
68767 
68703 
68639 
68575 



10 



.00894 
00896 
008991 
00901 
009041 



10.70346 
70284 
70221 
70159 
70097 



10. 



70034 
69972 
69910 
69849 
69787 



10. 



69725 
69664 
69602 
69541 
694791 



40 

39 



37 



36 
34 

33 
32 
31 



30 
29 
28 
27 
26 



25 
24 
23 
22 

21 



40 
41 
42 
43 
44 



10 26 40 
26 32 
26 24 
26 
26 



16 
8! 



33 201 
33 28 
33 36 
33 44 
33 6% 



9.30682 
30643 
30704 
30766 
30826 



9.99093 
99091 
99088 
99086 
99083 



9.31489 
31552 
31616 
31679 
31743 



10.68511 
68448 
68384 
68321 
68257 



10 



.00907 
009Q9 
00912 
00914 
00917 



10. 



69418 
69357 
69296 
69235 
69174 



20 
19 
18 
17 
16 



46 
46 
47 
48 

49 



50 
61 
62 
63 
64 



65 
66 
67 
68 
59 
60 



10 26 
26 62 

25 44) 

26 36 
25 28 



34 

34 8 
34 16 
34 24 
34 32 



9.30887 
30947 
31008 
31068 
31129 



9.99080 
99078 
99075 
99072 
99070 



9.31806 
31870 
31933 
31996 
32059 



ia26 20 

25 12 

26 4 
• 24 56 

24 48 



34 40 
34 48 
34 66 
36 41 
36 12 



10 24 40 
24 32 
24 24 
24 16 
24 
24 



8 




M Honrp.M 



36 20 

35 28 

36 36 
36 44 

35 62 

36 Oi 



.31189 
31250 
31310 
31370 
31430 



9.99067 
99064 
99062 
99059 
99056 



101 O^p. 



JJS 



ourA.M. 



9.31490 
31649 
31609 
31669 
31728 
31788 



Conine. 

11. .ni^ >  



9.99054 
99061 
99048 
99046 
99043 
99040 



9.32122 
32185 
32248 
32311 
32373 



9.32436 
32498 
32661 
32623 
32686 
32747 



10.68194 
68130 
68067 
68004 
67941 



10 



.00920 
00922 
00926 
00928 
00930 



10 



.69113 
69063 
68992 
68932 
68871 



16 
14 
13 
12 
11 



10.6787810.00933 
67815 00936 
67761^ 00938 
67689 00941 
67627 00944 



10.68811 
68760 
68690 
68630 
68670 



10.67564 
67502 
67439 
67377 
67315 
67253 



10.00946 
00949 
00962 
00964 
00967 
009601 



10.68610 
68451 
68391 
68331 
68272 
68212 



10 
9 
8 

7 
£ 

6 
4 
3 
2 
1 




Sine. ' Co-tanp.< Tangent. Co-aecani' Secant. 



M 



1 



Beg*. 78. 






. 



ii.'i^d: 



Log. Sines^ Tangents and Secants- 



itiegs. 167. 



n 





I 

3 

4 



HouTjk.H.iHourp.M 



J3 52 
23 44 

J3 36 
23 2S 



6 
7 

9 



II 

13 
14 



la 

17 
18 
19 



»0 

21 
]?2 

24 



]0 23 20 
23 12 

^ 4 
^ 66 
22 48 



1 



Oi 
8 



36 16 
30 24 
36 32 



Sine. 



9.3178S 
31847 
31907 
319GG 
32026 



1 36 40 

36 48 
3j$ 56 

37 4 
37 12 



Co-sine. 



9.99040 

99038 

1)9035 

9D052 

99030 



.32084 
32143 
32202 
32261 
323191 



)0 22 40 

22 32 

22 : 

22 ]6| 

22 



I 



I 







10 22 
21 521 
21 

21 36 
21 fiS 38 321 



2C 
12 



ioH 

21 

*l 

20 56 
20 ^ 



t7 

?8 
29 



00 
31 

34 



,36 
»7 

38 
39 



10 20 40 
20 32 
20 24 
20 16 
20 



10 ^0 
19 
19 
19 
19 



52 
44 
36 
26 



37 20 
97 28 
37 36 
37 44 
37 52 



39 

39 
3$ 



8 
16 

2 



1 



38 40 
38 48 

38 56 

39 4 
39 12 



9.32378 
32437 
32496 
32553 
32612 



9.326701 
32728 
3278G 
32844 
32902 



39 20 
39 28 
39 36 
39 44 
39 62 




8 



10 19 
19 
19 
.M 
18 



20 

12 

4 

56 

48 



"»?; 



<40 
41 
42 
,43 
44 



46 
47 
48 
49 



10 .18 
18 
18 
18 
18 



40 
32 
24 
16 
8 



15" 
fit 

53 

54 



55 
56 
57 
58 

^9 
60 



10 18 
17 
17 
17 
17 



62 
44 
36 
28 



10 17 
17 
17 
16 
16 



20 
12 

4 
56 
48 



40 
40 
40 16 
40 24 
40 32 



40 40 
40 48 

40 56 
,41 4 

41 12 



41 '20^ 
41 23 
41 36 
41 44 
41 52 



9.32960 
33018 
33075 
33133 
33190 



9.33248 

33305 

•30363 

33420 

33477 



9.99027 
99024 
99022 
99019 
99016 



Tangent. 



9. 32747 
32810 
828^ 
32933 
32995 



CcJ-tang. I Secant. lCo-»ecaot| M 



10.67253110.00960 



67190 
67128 
67067 
67005 



9.38067 
331 19i 
33180 
33242 
33303 



9.990131 
99011 
9^3 
99005 
99002 



9 99000 
98997 
98994, 
98991 
98989 



9.98980 
98983 
98980 
98978 
98975 



9. 33534 
33591 
33647 
33704 
33761 



9.33818 
33874] 
33931 
33987 
34043 



9.34100 
34156 

34212 
34268 
34324 



42 

42 
42 16 
42 24 
42 32 



10 16 
16 
16 
16 
16 
16 



40 
32 
24 
IG 
8 




.1 42 40 
43 48 

42 56 

43 4 
43 12 



1 43 20 
43 23 
43 3G 
43 44 
43 52 
44. 



9.9897? 
9896^ 
98967 
98964 
98961 



9.98953 
98955 
98963 
98950 
98947 



9.98944 
P8941 
98938 
98936 
98933 



9.98930 
98927 
98924 
98921 
98919 



9.93365 10 

3:^26 
3^87 
83548 
^^609 



9.33670(10 
33731 
38792 
83852 
33913 



9.3397410, 
34034 
34095 
34165 
34215 



9.34276 
84336 
34396 
34456 
34516 



10.6694310 
66881 
66820 
66758 
66697 



009621 
00965 
00968 
00970 



10.68212 
68153 
68093 
68034 
67975 



0097310.67916 
00976 67857 
00978 67798 
00981 67739 
00984 67681 



60 
59 
58 
67 
66 



66635 10. 00987ilO. 6762 
66574 00989 6756 
66613 00992 6750 
6645S iD0995 (744 
66391 0iE)99fi 67388 



.6633( 
6626S 
66208 
66147 
GeOST 



10 



.01000 10.'€7330| 
01003 



01006 
01009 

oioi 



66026 10.010141 10 
65966 01017 
65905 01020 
6584£ 01022 
6578^ 0102:] 



9.34576 
84635 
34695 
34755 
34814 



10.6572410.01028 
656641 01031 

01033 
655441 01036 

01039( 



G5484 



10 



.65424 
663G3 
65305 
65245 
66186 



9.34874 
34933 
34992 
35051 
36111 



9.35170 
36229 
36288 
36347 
3.5405 



p .34380 
34436 
34491. 
3^1547 
34602 



9.34658 
34713 
34769 
34824 
34R79 



9.34934 
34989 
35044 
35099 
^154 
36209 



I M HourP^M .fHoarA JiJ Cft'.siiic. 
loSDtgs. 



9.98916 
98913 
98910 
98907 
98904 



9.98901 
98898 
98896 
98893 
98390 



9.98887 
98884 
98881 
98878 
93875 
98872 



9.35464 
35523 
35581 
35640 
35698 



9.35757 
35815 
35873 
35931 
35989 



bine. 



9.36047 
36105 
36163 
36221 

36279 
36336 



10 



10 



.01042 
01045 
01047 
01050 
01053 



.65126 
65067 
65008 
64949 
64839 



10 



10 



.64830 
64771 
64712 
64663 
64596 



10 



.64536 
64477 
64419 
64360 
64302 



10. 



64243 
64185 
64127 
64069 
64011 



10.63953 
63895 
63837 
63779 
63721 
63664 



Co-lang.jTangent. 



.01066! 
01059 
01062 
01064 
01067 



10 



.01070 
01073 
01076 
01079 
01081 



10.01084 
01087 
01090 
01093 
01096 



10.01099 
01102 
01104 
01107 
OHIO 



10.01113 
Oil 16 
01119 
01122 
01125 
01428 




67272 
87214 
67166 
67098 



46 
44 
43 
42 
4) 




10.6676 
6669 
00938 
66680 
66dt^ 




10.66466 
66409 
66363 
66296 
66239 



10.66182 
66126 
66069 
€6013 
66967 



10.66900 
66844 
66788 
66732 
66676 



10.66620 
66664 
66509 
66453 
66398 



10.66342 
66287 
66231 

66176 
65121 



10.65066 
66011 
64966 
64901 
64846 
64791 



Co>secant Secant. 



30 
29 
28 
2T 
26 



26 

24 
23 
22 
SI 



20 
19 
18 
17 
16 



15 
14 
13 
12 
11 



10 
9 
8 

7 
6 



6 
4 

3 

2 
1 




M 



Dei^. 77 



/ 






15 De: 



Log. Sint*s^ TaitgciiiA and Socoiits. 



M >HourA.MJHoarp.M.| Sihe. 



1 
t 
3 
4 



10 16 Ol 1 44 0} 9.352091 9.9«872| 9.963a(il]0.6a66i 
44 
44 
44 
44 



5 
6 
7 
8 
9 



10 
11 
12 
13 
14 



t5 52 
15 44 

15 36 
15 28 



10 



15 20 
1'5 12 
15 4 
r4 56 
14 48 



10 



IS 
16 
17 
18 

19 



20 
21 

22 
23 
24 



25 
26 
27 
23 
29 



30 
31 
32 
33 
34 



35 

36 
37 
38 
39 



14 40 
14 32 
14 24 
14 16 
14 8 



10 



14 
13 52 
13 44 
n 36 

13 28 



10 13 
13 
13 

12 



20 

12 

4 

56 
48 



10 12 
12 
12 

12 
12 



40 
32 
24 
16 
8 



10 12 
11 62 
Xi 44 
11 36 
11 28 



10 n 20 
11 12 
11 4 
10 56 
10 48 



40 
41 
42 
43 
44 



10 10 



10 
10 
10 
10 



40 
32 
24 
16 
8 



45 

46 
47 

4a 

49 



(10 10 
9 

9 
9 



50 
51 
52 
53 
54 



55 
56 
57 
58 
59 
%0 




52 
44 
36 
28 



10 



9 

9 
i) 
8 
8 



20 

12 

4 

56 
48 



10 8 
8 
8 
8 
8 
8 



40 
32 
24 
16 
8 




81 
16 
24 
32 



t 44 
44 
44 

45 
45 



35263 
35318 
^5373 
85427 



4€ 

48 

be 

4 

12 



1 45 
45 
45 
45 
45. 



20 
28 
36 
44 
52 



1 46 
46 
46 
46 

46 





8t 

16 

24 
32 



1 46 
46 

46 
47 
47 



40 
48 
56 
4 
12 



1 47 
47 

47 
47 
47 



20 
28 
36 
44 
52 



1 43 
48 
48 
48 
4'8 





8 

16 

24 

32 



1 48 
«B 
48 
49 
49 



40 
48 
56 
4 
12 



1 49 

•49 
49 



20 
28 
36 

44 
52 



1 50 

50 
50 
50 



I 

U 

24 
32 



1 50 
60 
50 
51 
51 



40 
48 
5$ 

4 
12 



M Uourp.M. 



1 51 
51 
51 
51 
51 
52 



20 
28 
36 
44 

52 




9.3o4Hl 
35536 
35590 
36644 
35698 



Ctvsine. lTan»ent.| Co-taiii*;. 



IKigs* )^* 



-I 



-V 



M 



988691 363941 63606 

98867] 5645||^ 63548 

4R864I 5660flr 63491 

98U6I 



10.01128,10.647911 ^0 



9.98858 
93855 
9ad52 
9B849 
98846 



9.3575i 
35806 
35860 
35914 
35968 



9.36022 
36075 
36129 
36182 
36236 



9.36231/ 
3634:2 
36395 
36449 
36602 



9.36555 
36608 
36660 
36715 
36766 



9.36819 
36871 
36924 
36976 
3702^ 



9.37081 
37133 
3718A 
3723t 
37289 



9.37341 
37393 
3744i 
87497 
37549 



9.3760Q 
37652 
37703 
37755 
37806 



9.37858 
37909 
37960 
38011 
38062 



9.38113 
38164 
38215 
38266 
38317 
38368 



HoufAMJ Co-sine* 



9.98843 
98840 
98837 
98834 
93831 



9.98828 
98825 
98822 
98819 
98816 



36566 



9.36624 
36681 
36738 
36795 

36852 



9.36909 
36966 
37023 
37080 
37137 



9.9^813 
98810 
98807 
93804 
98301 



9.98798 
98796 
98792 
98739 
98786 



9.98788 
98780 
^777 
98774 
'9877 i 



9.98768 
9876 
9876 
9876 
93Jg 



9.98763 
98754 
98744 
98741 
98740 



9.9873? 
98734 
9«73| 
9872$ 
98726 



9.98722 
98719 
98716 
93712 
98709 



9.98706 
9C703 
98700 
98697 
98694 
98690 



Sine. 



9.37193 
37250 
37306 
373631 
37419 



9.3747G 
37532 
37588 
37644 
37700 



9.37756 
37812 
37360 
37924 
37980 



9.38036 
38091 
38147 
38202 
38257 



9.38313 
38368 
38423 
38479 
33534 



9.3iB58$ 
38644 
38699 
38754 
38808 



9.38863 
38918 
38972 
39027 
39082 



9.39T3S 
39190 
39246 
39299 
39353 



9.39407 
39461 
39516 
39660 
39623 
39677 



63434 



10.63376 
63319 
63262 
63206 
63148 



10.63091 
63034 
62977 

62920 
6t;ir6v* 



10 



.62807 
6*2750 
62694 
62637 
62581 



10 



.62524 
62468 
62411 
62366 
62300 



10.62244 
62188 
62132 
62076 
62020 



10 ;6 1966 
dl90 
6I86 

0174 



01131 
01133 
01136 
01139 



10.01141 

mi46 

01140 
01151 
0^1154 



10.01167 
0-1160 
0-IIG3 
01166 
01109 



10.01 na 

ail76 
01178 
01181 
'01184 



10. 01187 
01190 
0119;^ 
O'1190 
01199 



10. 01 20s 

01206 
ai208 
Mfll 
01214 



10.0121 
0122( 
0122: 
0122( 
0)229 



1O.016U1 
01632 
61671 
01621 
01466 



10.61411 

61360 

01301 

'61244 

61192 



10.01137 
61O8I 
61028 
60973 
60918 



10.60864 
60010 

00766 
00701 
6064^ 



10.012;i2 

01234 

01230 
^1241 



04737 
0468i 
04627 
64673J 



10.64519 
64464 
64410 

6^50 
6^2 



10 



.6'1248 
64194 
6*1140 
6^086 
64032 



10 



.63978 
63!)25 
63871 
63818 
63764 



10 



.63711 
63668 
63606 
63661 
63498 



10.63446 
03391 
63340 

C3281 
^63234 

lo.csfdi 

63120 
69070 
63024 

etm 

10.62919 
62867 
62H16 
62763 
6^711 



10.01247 
01264 
01264 
01257 
01260 



10.01^63 
01260 

01269 

01272 
01276 

10.0l278 
01281 
01286 
01286 
01291 



10.60693 
60639 
60485 
60431 
60377 
60323 



10.01291 
01297 
01300 
013/J3 
01306 
01310 



10.H26d9 
02607 
62660 
62600 

10.^100 
02348 
62297 
62246 

02[94 

10.62142 
62091 
6*^040 
01989 
61938 

I0T6I8H7 
61836 
61786 
61734 
616H3 
61 632 



103 Ue^ 



Co-tang.>Tangent.Co-»<fctMn| t ^ccttiU. M 

'Pe|5«:76/ 



) 



HDegi. 



Log. Siues; Tangents and JSyecants. 



M HourAJi. 




1 
2 

3 

4 



ft 

6 
7 
8. 
9 



10 
11 
12 
IS 
14 



10 8 

7 
7 

7 
7 




62 
44 
36 
28 



II 



oiirp.ic. 



62 
62 
62 16 
62 24 
62 32 



10 7 20 

7 12 

7 4 

6 66 

6 48 



10 6 40 

6 32 

6 24 

6 16 

6 8 



16 
16 
17 

18 
19 



20 
21 
22 
23 
24 



26 
26 
27 
28 
29 



30 
31 
32 
33 
34 



10 6 

6 62 

5 44 

6 36 

6 28 



10 6 20 



6 
6 

4 
4 



12 

4 
66 

48j 



62 40 
62 48 

62 66 

63 4 
63 12 



63 20 
63 28 
6&36 
63 44 
63 62 



64 
64 
64 16 
64 24 
64 32 



10 4 40 

4 32 

4 24 

4 16 

4 8 



36 
36 
37 
38 
39 



40 
41 
42 
43 
44 



46 
46 
47 
48 
49 



60 
61 
62 
63 
64 



66 
66 
67 
68 
69 
60 



10 4 
3 
3 

8 
3 




62 
44 
36 
28 



10 3 
3 
3 

2 
2 



20 
12 

4 

66 
48 



10 2 

2 
2 
2 
2 



40 
32 
24 
16 
8 



10 



2 

1 62 

1 44 

1 36 

1 28 



10 1 20 
1 12, 

1 4J 








56 
48 



10 40 
32 



64 40 
64 48 

64 661 

65 4 
55 12 



Sioe. I Co^sine. 



9.88368 
38418 
38 




9.38620 
38670 
38721 
38771 
38821 



9.38871 
38921 
38971 
39021 
39071 



66 20] 
66 28 
66 36 
66 44 
66 62 




8 



66 
66 
66 16 
56 24 
66 32 



66 401 
66 48 

66 66 

67 4 
A 12 



1 67 20 
67 28 
67 36 
67 44 
67 62 



0} 
8 



1 68 
68 
68 16 
68 24 
68 32 



1 68 40 
68 48 

68 66 

69 4 
69 12 



9.39121 
39170 
39220 
39270 
39319 

?739325 
39418 
39467 
39617 
39566^ 



9.98690 
98687 
98684 
98681 
98678 



9.98676} 
98671 
98668 
98666 
98662 



Tangent. 



Co-tang. 



9.39677 
39731 
39786 

«B38 
892 



9.98669 
98666 
98662 
98649 
98646 



9.98643 
98640 
98636 
98633 
98630 



9.98627 
9G623 
98620 
9«617 
98614J 



9.39616 
39664 
39713 
39762 
39811 



9.39860 
39909 
39968 
40006 
40066 



9.40103 
40162 
40200 
40249 
40297 



9.40346 
40394 
40442 
4049Q 
40538 



9.40686 
40634 
40682 
40730 
40778 



9.98610 
98607 
98604 
98601 
98697 



9.986941 
98691 
98688 
98584 
98681 



9.98678 
98674 
98571 
98568 
98566 



9.98561 
98668 
98655 
98551 
985481 



9.3994510 
39999 
40052 
40106 
40159 



.60055 

60001 

69948 

698941 

69841 



Peg. 16: 



Secant. 



10.60323 10.01310 10.61632 
60269 013131 61582 
60216 013161 61531 
60162 01319 61481 
60108 01822 61430 



Co.«ecaBti M 



60 
69 
68 
67 
66 



10 



.01325J10 

01329 

01332 

01335 

01338 



1.4021210 
4026J 
40819 
40372 
40426 



9.404781 
40531 
40584 
40636 
40689 



9.40742 
40795 
40847 
40900 
40952 



.69788 
697341 
69681 
59628 
69576 



10 



10 



.69522 
69469 
69416 
69364 
69311 



10, 



69258 
69206 
69163 
69100 
69048 



9.4100510 
41057 
41109 
41161 
41214 



.68995 
68943 
58891 
68839 
68786 



9.41266 
41318 
41370 
41422 
41474 










24 

16 

8 





1 69 20 
69 28 
69 36 
69 44 
69 52 

2 



M [Hourp.«. HourA.M. Co-sine 



9.40825] 
40873 
40921 
40968J 
41016 



9.41063 
41111 
41158 
41205 
41252 
41300 



9.98645 
98541 
98638 
98536 
98631 



9.98628 
98525 
98521 
98518 
98515 



9.41626 
41678 
41629 
41681 
41733 

^.41784 
41836 
41887 
41939 
41990 



9.42041 
42093 
42144 
42195 

422^ 



42348 
42399 
42450 
42501 



9.42562 
42603 
42653 
42704 
42765 
42806 



10 



.6873410 
68682 
68630 
68578 
68626 



10. 



68474 
68422 
68371 
68319 
68267 



.01341 

01344) 

01348 

01361 

01364 



10 



.01367 
01360 
01364 
01367 
01370 



10.01373 
01377, 
01380 
01383 
01386 



10.01390 
01393 
01396 
01399 
01403 



01406 
01409 
01412 
01416 
01419 



.61380 
61330 
61279 
61229 
61179 



65 
64 
53 
62 
61 



10 



.61129 
61079 
61029 
60979 
60929 



10 



.60879 
60830 
60780 
60730 
60681 



10.60631 
60582 
60633 
60483 
60434 



10.60385 
60336 
60287 
60236 
60189 



10.601401 
60091 
60042 
69994 
69945 



10 



.01422 
01426 
01429 
01432 
01435 



10 



58216 
68164 
68113 
68061 
680101 



10.67959 
67907 
1^856 
67805 
57764 



9.4229710.6770310 



676521 
67601 
67550 
67499 



10.57448, 
67397 
67347 
57296 
57245 
67196 



9.98611 
98508 
98505 
98501 
98498 
98494 

Sine. I Co»tang. 'Tangent Co«»ecani Secant. iVl 



10. 



01439 
01442 
01445 
01449 
01462 



10 



01456 
01459 
01462 
01465 
01469 



.01472 
01476 
01479 
01482 
01486 



10 



01489 
01492 
01496 
01499 
01602 
01606 



10 



.69897 
69848 
69800 
69761 
69703 



10 



.691^64 
69606 
69668 
69610 
69462 



10.69414 
69366 
69318 
69270 
69222 



10 



.69175 
69127 
59079 
69032 
68984 



10 



.68937 
68889 
68842 
68796 
58748 
68700 



60 
49 
48 
47 

46 



"IT 
44 
43 
42 
41 



40 
39 

38 
37 
36 



35 
34 
33 
32 
31 



30 

29 
28 
27 
26 



25 
24 
23 
22 
21 



20 
19 
18 
17 
16 



15 
14 
13 
12 
11 



10 
9 
8 

7 
6 



6 
4 

3 
2 
1 
O 



104 Degs. 



Degs. 76. 



A-_. 




ISDega. 



Log. Siues, laiigcuts and Secants. 



M (HoarA.M< 



|10. 

1 " 

s 

3 

4 



15 
16 
17 
18 
19 



20 
21 
22 
2S 
24 



2d 
26 
27 
28 

-?£. 
30 

31 

32 

33 

34 



36 
36 
37 
38 
89 



40 
41 
42 
43 
44 



45 
46 
47 
48 
49 



50 
51 
52 
53 

ii 

55 
56 
67 
58 
59 
60 



oi 

59 52 
£9 44 

59 36 
59 28 



Hourp.ii.i Sine, 



9.58 
57 
57 
57 
67 




52 
44 
36 
28 



9.57 
67 
57 
56 
56 



20 
!«!. 

4 

56 
48 



.56 40 
56 32 
56 24 
56 16 
56 8 



.56 
55 52 
55 44 
55 36 
55 28 



.55 20 
65 12 
55 4 
54 56 
54 48 



9.64 40 
54 32 
54 24 
54 16 
54 8 



9.54 
53 52 
53 44 
63 36 
53 28 



9.53 20 
53 12 
53 4 
52 56 
52 48] 



9.52 40 
62 32 
52 24 
52 16 
62 8 
52 



2 











Ol 9.41300 



8 
16 

24 
32 



2 


2 




2 8 




2 16 




2 24 




2 32 


2 


2 40 




2 48 




2 56 




3 4 




3 12 



2 3 
3 
3 
3 
3 



20 
28 
36 
44 
52 



2 4 
4 
4 
4 
4 





8 

16 

24 

32 



4 
4 
4 
5 
5 



40 
48 
56 
4 
12 



6 
6 
5 
6 
5 



20 
28 
36 
44 



6 
6 
6 
6 
6 





8 

16 

24 

32 



41347 
41.1941 
41441 
414881 



9.41635 

41582 
41628 
41675 
41722 



9.41768 
41815 
41861 
41908 
41954 



9.42U01 
42047 
42093 
42140 

^42186 



9.42232 
42278 
42324 
42370 
42416 



9.42461 
42507 
42563 
42599 
42644 



9.42690 
42736 
42781 
42826 
42872 



9.42917 
42962 
43008 
43053J 
43098 



9.43143 
43188 
43233 
43278 
43323 



9.43367 
43412 
43467 
43602 
43646 



6 
6 
6 
7 
7 



40 
48j 
56 
4 
12 



7 
7 
7 
7 
7 
8 



20 
28 
36 
44 
62 




i M .' ) lourp.M. 
J 05 i>tg^. 



Houi'A.M. 



9.43591 
43635 
43680 
43724 
43769 



9.43813 
43857 
43901 
43946 
43990 
44034 



Co-sine. | Tangent 



9.984941 9.4280610 



98491 
98488i 
98 
98 



m> 



9.98477 
98474 
98471 
98467 
984641 



9.98460 

^8457 

98463 

98450 

98447 



9.98443 
98440 
98436 
98433 
98429 



9.98426 
98422 
98419 
98416 
98412 



9.98409 
98405 
98402 
98398 
983961 



9.98391 
98388 
98384 
98381 
98377 



9.98373 
98370 
98366 
98363 
98369 



9.98366 
98352 
98349 
98345 
96342 



9.98338 
98334 
98331 
98327 
98324 



9.98320 
98317 
98313 
98309 
98306 



9.98302 
98299 
98296 
98291 
98288 
98284) 



Co-sine, t Sine. 



42856 
42906 
42957 
43007 



9.43067 
43108 
43158 
43208 
43258 



9.43308 
43358 
43408 
434.58 
43508 



9.43558 
43607 
43657 
43707 
43756 



9.43806 
43866 
43906 
43954 
44004 



9.4405310 
44102 
44151 
44201 
44250 



9.44299 
44348 
44397 
44446 
44495 



9.44787 
44836 
44884 
44933 
44981 



9.46029 
45078 
45126 
46174 
46222 



9.46271 
45319 
45367 
45416 
45463 



9.45511 
45559 
45606 
45664 
45702 
45750 



Co-tang. 




10.66943 
66892 
66842 
66792 
56742 



10.56692 
66642 
56592 
56642 
56492 



10.66442 
56393 
66343 
66293 
56244 



10.66194 
56146 
66095 
66046 
65996 



65947 
56898 
65849 
56799 
66750 



10. 



65701 
56652 
65603 
65564 
65605 



9.4454410.55456 
44592 65408 
44641 56369 
44690 66310 
44738 66262 



Secant. 



-■^Dagi. 164. 



10.01606 
01509 
01512 
01616 
01519 



10.01623 
01526 
01529 
01533 
01536 



10.01540110 
01543 
01547 
01650 
01653 



10.01567 
01560 
01564 
01567 
01571 



10.0167410 
01678 
01681 
01686 
01688 



10 



01691 
01695 
01698 
01602 
01606 



10 



01609 
01612 
01616 
01619 
01623 



10.01627 
01610 
016341 
0I6S7 
01641 



Co-secaoU M 



10.68700 
68653 
68606 
58669 
68612 



10.68466 
68418 
58372 
68325 
68278 



.68232 
68185 
68139 
68092 
68046 



10.67999 
57953 
67907 
57860 
57814 



.67768 
57722 
57676 
57630 
57684 



10.67539 
67493 
67447 
57401 
57356 



10.67310 
57266 
67219 
67174 
57128 



10 



.56213 
65164 
56116 
66067 
66019 



10 



.64971 
64922 
54874 
64826 
64778 



10.64729 
64681 
64633 
54685 
64637 



Co-tang. 



10.54489 
64441 
64394 
64346 
64298 
54260 



Tangent. 



10.01644 
01648 
01661 
01656 
01658 



10.01662 
01666 
01669 
01673 
01676 



10.01680 
01683 
01687 
01691 
01694 



10.01698 
01701 
01705 
01709 
01712 
01716 



Co-secant 



10.57083 
67038 
66992 
66947 
56902 



10.56857 
66812 
56767 
66722 
66677 



10.666331 
66688 
56643 
56498 

' 56454 



10.66409 

•66365 

56320 

66276 

66231 



10.56187 
56143 
56099 
66064 
56010 
56966 



GO 
59 
68 
67 
56 



65 
54 
63 
52 
61 



50 
49 
48 
47 
46 



45 
44 

43 
42 
41 



40 
39 
38 
37 
36 



36 
34 
33 
32 
31 



30 
29 

28 
27 
26 



26 
24 
23 
22 
21 



20 
19 
18 
17 
16 



15 
14 
13 
12 
U 



10 

9 
8 
7 
6 



6 
4 
3 
2 
1 




Seca nt. M 
15eg8.74* 



i 



\ 



V 



16 Degs. 



Log8. Siaes; '1 cuigciit^ aiiU §ecaiits. 



Deisms. 1 



r»3. 



M 




I 

2 
3 

4 



HourAM. 




6 
7 
8 
9 



10 
U 
IS 
13 
14 



15 
16 
17 
18 

19 



20 
21 

22 
23 

24 



23 
26 
27 
28 
29 



30 
31 
32 
33 
34 



85 
36 
37 
38 
39 



40 
41 
42 
43 
44 



45 
46 
47 
48 
49 



50 
51 
62 
53 
64 



56 
66 
57 
58 
59 
60 



9 52 
51 
51 
51 
51 




52 
44 

36 
28 



9 51 
51 
51 
50 
50 



20 
12 
4 
56 
48 



9 50 
50 
50 
50 
50 



40 
32 
24 
16 
8 



50 
49 52 
49 44 
49 36 
49 28 



49 
49 
49 
48 



20 

12 

4 

56 



48 48 



48 40 
48 32 
48 24 
48 16 
48 8 



Hourp, 



«j 



Sine. 



8 
8 
8 
8 
8 





8 

16 

24 
32 



2 8 
8 
8 
9 



40 
48 
56 

4 
12 



2 9 
9 
9 
9 
9 



20 
28 
36 
44 

62 



2 




8 



10 
10 
10 16 
10 24 
10 32 



2 10 40 
10 48 

10 56 

11 4 
11 12 



9.44034 

44078 

.^122 

flb66 

V210 



9.44263 
44297 
44341 
44385 

44428 



9.44472 
44616 
44669 
44602 
44646 



9.44689 
44733 
44776 
44819 
44862 



Co-8m6. Tangent. 



9.98284 9 
98281 
98277 
9827|| 
98270 ^ 



9.98266 
98262 
9826^ 
98266 
98261 



9.98248 
98244 
98240 
98237 
98233 



9.98229 
98226 
98222 
98218 
98216 



9.44906 
44948 
44992 
46036 
46077 



2 11 20 
11 28 
11 36 
11 44 
11 62 



48 
47 62 
47 44 

47 36 

47 28 



47 20 
47 12 
47 4 
46 56 
46 48 



12 
12 
12 16 

12 24 
12 32 



2 



9 46 40 
46 32 
46 24 
46 16 
46 8 



9 46 

45 52 

46 44 
46 36 
45 28 



45 20 

46 12 
45 4 
44 66 

44 48 



44 40 
44 32 
44 24 
44 16 
44 8 
44 



12 40 
12 48 

12 66 

13 4 
13 12 



9.46120 
461631 
46206 
45249 
46292 



.46750 
45797 
45845 
45892 
46940 



L 46987 
46036 
46082 
46130 
46177 



9.4^224 
4*271 
46319 
46366 
46413 



9.46460{10 
46507 
46664) 
46601 
46648 



9.98211 
98207 
98204 
98200 
98196 



Co-tang.i Seoaat. { Co-aecaiit 
10.64260 10.01716110.66966 



54203 
54165 
54108 
54060 



10.54013 
53966 
53918 
58870 
63823 



10.63776 
53729 
53681 

53634 
63687 



017191 
0172 
0172 
01731 



10.0173410.66747 



017381 
01741 
01746 
01749 



.63640 
53493 
5344^ 
^3399 
53362 



9.98192 
98189 
98185 
98181 
98177 



9.46334 
46377 
46419 
46462 
46604 



9.4669410. 
46741 
4678S 
46836 
46881 



9.46928 
46976i 
47021 
47068 
47114 



2 



13 20 
13 28 
13 36 
13 44 
13 62 



2 14 
14 





8 



14 16 
14 24 
14 32 



14 40 
14 48 
14 66 
16 4 
16 12 



16 20 

15 28 

16 36 
16 44 

15 52 

16 



9.46647 
46689 
46632 
45674 
45716 



9.46758 
46801 
46843 
46885 
46927 



.46969 
46011 
46053 
46095 
46136 



9.46178 
46220 
46262 
46303 
46346 



9.46386 
46428 
46469 
46611 
46662 
46694 



9.98174 
98170 
98166 
98162 
98169 



330610 



63£ 

53269 

63212 

63166 

53119 



10. 



10.01762 
01766 
0176q 
01763 
01767 



10.01771 
01774 
01778 
01782 
01786 



65922 
55878 
56834 
56790 



56703 
65669 
56616 
56672 



10.66628 
56484 
55441 
56398 
56364 



10.66311 
66267 
55S24 
55181 
55138 



>.01789 
01793 

01796 
01800 
01^4 



63072 
53026 

52979 
52932 
52886 



9.98166 
98161 
98147 
98144 
98140 



9.98136 
98132 
98129 
98126 
98121 



9.98117 
98113 
98110 
98106 
98102 



9.98098 
98094 
98090 
98087 
98083 



9.98079 
98075 
98071 
98067 
98063 
98060 



9.47160 
47207 
47263 
47299 
47346 



9.47392110 
47438 
47484 
47630 
47576 



9.47622 
47668 
47714 
47760 
47806 



10. 



52»40 
62793 
62747 
62701 
62664 



.62608 
52662 
62616 
52470 
62424 



10 



62378 
62332 
52286 
52240 
52194 



10.01308 
01811 
01816 
01819 
01823 



10.01826 
01836 
01834 
01838 
t)l841 



10.56096 
56062 
55008 
54965 
64923 



M I 



60 
09 i 
68 
67 

66 



55 
64 
53 
52 
61 



60 
49 

48 
47 
46 



45 
44 

43 

42 
41 



40 
39 
38 
37 
36 



10.64iia0 
54837 
54794 
54761 
54708 



10 



.64666 
34623 
64681 
54538 
64496 



10.01846 
01849 
01863 
01866 
01 860 



10. 



9.47862 
47897 
47943 
47989 
48036 



10 



9.48080 
48126 
48171 
48217 
48262 



9.48307 
48363 
48398 
48443 
48489 
48534 



.62148 
62103 
52057 
52011 
51965 



10 



.61920 
61874 
51829 
51783 
51738 



M Hourp.M.lHourA.M.I Co>sine. I Sine. | Co-tang. 
106 Dcgs. 



10.61693 
61647 
51602 
61667 
61611 
51466 



Tangent 



01864 
01868 
01871 
01875 
01879 



10 



10 



.64463 
64411 
64368 
64326 

642841 



 IIIW. 



10,64A42 
64199 
64167 
64116 
64073 



35 
34 
33 

32 
31 



30 
29 
28 
27 
26 



25 
24 
23 
22 
21 

20 
19 
18 
17 
16 



01883 
01887 
01890 
01894 
01898 



10 



01902 
01D06 
01910 
01913 
01917 



10.01921 
01926 
01929 
01933 
01937 
019401 



Co-aecanl 



10.64031 
53989 
63947 
63905 
53864 



10.63822 
53780 
53738 
53697 
53666 



10.536141 
63672 
53631 

53489 
5344^ 
63406 



Secant 



15 
14 
13 
12 
11 



10 
9 
8 
7 
6 



5 
4 
3 
2 
1 




M 



Pegs. 73. 



.^ .^*. in m^^ 



lii^ I 







Log. Sines, Taogents and Secmiti* 








ITDegs. 


Dettt. 162. 


M 


HoarA.M.] 


Hourp.M. 


Sue. 


Co-sine. 


Tangent 


Co-tang. 1 Secant 


Co-tocant 


M 







9 44 ol 


2 16 


9.46594 9.98060 


9.48634 


10.61466 


10.01940 


10.63406 


60 


1 
t 


43 52| 
43 44 


16 8 
16 16 


46636[ 
46676 


98066 
98dRl 


48679 
48624 


Jft421 
W876 


01944 
01948 


53365 
63324 


59 
58 




3 


43 36 


16 24 


46717 


98048 


48669 


61331 


01952 


53283 


37 




4 


43 28 


16 32 


46768 


98044 


48714 


61286 


01966 


53242 


56 




d 


9 43 20 


2 16 40 


9.46800 


9.98040 


9.48769 


10.61241 


10.01960 


10.63200 


55 


6 


43 12 


16 48 


46841 


98036 


48804 


61196 


01964 


53169 


54 




7 


43 4 


16 66 


46882 


98032 


48849 


61161 


01068 


53118 


53 




8 


42 56 


17 4 


46923 


98029 


48894 


61106 


01971 


53077 


52 




9 
10 


42 48 


17 12 


46964 


98026 


48939 


51061 


01976 


53036 


51 




9 42 40 


2 17 20 


9.47006 


9.98021 


9.48984 


10.61016 


10.01979 


10.52996 


60 


li 


42 32 


17 28 


47046 


98017 


49029 


60971 


01983 


52956 


40 




12 


49 24 


17 36 


47086 


98013 


49073 


60927 


01987 


52914 


48 




13 


42 16 


17 44 


47127 


98009 


49118 


60882 


01991 


52873 


47 




14 


42 8 


17 62 


41168 


98006 


49163 


60837 


01996 


62832 


46 




15 


9 42 


2 IS Q 


9.47209 


9.98001 


9.49207 


10.60793 


10.01999 


10.52791 


45 


16 


41 52 


18 8 


47249 


97997 


49262 


60748 


02003 


62761 


44 




17 


41 44 


18 16 


47290 


97993 


49S96 


60704 


02007 


62710 


43 




18 


41 36 


18 24 


47330 


97989 


49341 


60669 


02011 


52670 


42 




19 


41 28 


18 32 


47371 


97986 


49386 


60616 


02014 


62629 


41 




9 41 20! 


2 18 40 


9.47411 


9-97982 


9.49430 


10.60570 


10.02018 


10.62689 


40 


21 


41 12 


18 48 


47462 


S7978 


49474 


60626 


02022 


62648 


39 




%i 


4* 4 


18 66 


47492 


97974 


49619 


60481 


02026 


63608 


38 




23 


40 56 


19 4 


47633 


97970 


49663 


60437 


02030 


52467 


37 




24 
26" 


40 48 


19 12 


47573 


97966 


49607 


60393 


02034 


62427 


36 




9 40 40 


2 19 20 


9.47613 


9.97962 


9.49662 


10.60348 


10.02038 


10.62387 


35 


26 


40 32 


19 28 


47664 


97968 


49696 


60304 


02042 


62346 


34 




87 


40 24 


19 36 


47694 


97964 


49740 


60260 


02046 


62306 


33 




28 


40 16 


19 44 


47734 


97960 


49784 


'60216 


02060 


62266 


32 




29 


40 8 


19 62 


47774 


97946 


49828 


60172 


02054 


62226 


31 




30 


9 40 


2 20 


9.47814 


9.97942 


9.49872 


10.60128 


10.02058 


10.62186 


30 


31 


39 62 


20 8 


47^54 


97938 


49916 


60084 


02062 


62146 


29 




32 


39 44 


20 16 


47^94 


97934 


49960 


60040 


02066 


62106 


28 




33 


39 36 


.80 24 


47934 


97930 


60004 


49996 


02070 


62066 


27 




34 


39 28 


20 32 


47974 


97926 


60048 


49962 


02074 


62026 


26 




35 


9 39 20 


2 20 40 


9.48014 


9.97922 


9.60092 


10.49908 


10.02078 


10.61986 


26 


36 


39 12 


20 48 


48064 


97918 


60136 


49864 


02082 


61946 


24 




37 


39 4 


20 66 


40094 


97914 


60180 


49820 


02086 


61906 


23 




38 


39 66 


n 4 


48133 


97910 


60223 


49777 


02090 


61867 


22 




39 


38 48 


21 12 


48173 


97906 


60267 


49733 


02094 


61827 


21 




40 


9 38 40 


2 21 20 


9.48213 


9.97902 


9. 60311 


10.49689 


10.02098 


10.61787 


20 


41 


38 32 


21 28 


48252 


97898 


60366 


49646 


02102 


61748 


19 




42 


38 24 


21 36 


48292 


97894 


50398 


49602 


02106 


61708 


18 




43 


38 16 


21 44 


48332 


97890 


60442 


49658 


02110 


61668 


17 




44 
45 


38 8 


21 52 


48371 


97886 


60485 


49615 


02114 


61629 


16 




9 38 


2 22 


9.48411 


9.97882 


9.60629 


10.49471 


10.02118 


10.51589 


16 


46 


37 62 


22 8 


48450 


97878 


60672 


49428 


02122 


61^50 


14 




47 


37 44 


22 16 


48490 


97874 


60616 


49384 


02126 


61610 


13 




48 


37 36 


22 24 


48629 


97870 


60659 


49341 


02130 


61471 


12 


. 


49 


37 28 


22 32 


48668 


97866 


60703 


49297 


02134 


51432 


U 




50 


9 37 20 


2 22 40 


9.48607 


9.97861 


9.60746 


10.49254 


10.02139 


10.51393 


10 


5l 


37 12 


22 48 


48647 


97867 


60789 


49211 


02143 


61353 


9 




52 


37 4 


22 66 


48686 


97863 


60833 


49167 


02147 


61314 


8 




53 


36 66 


23 4 


48725 


97849 


60876 


49124 


02161 


61276 


7 




-5L 

65 


36 48 


23 12 


48764 


97846 


60919 


49081 


02165 


61236 


6 




9 36 40 


2 23 20 


9.48803 


9.97841 


9^50962 


10.49038 


10.02159 


10.61197 


6 


1 


56 


36 32 


23 28 


48842 


97837 


61005 


48996 


02163 


61158 


4 




67 


36 24 


23 36 


48881 


97833 


61048 


48962 


02167 


61119 


3 




58 


36 16 


23 44 


48920 


97829 


61092 


48908 


02171 


51080 


2 




69 


36 8 


23 62 


48969 


97826 


61136 


48866 


02176 


61041 


1 




60 


36 


24 


48998 


97821 


61178 


48822' 


02179 


51002 







Hourp.M. 


HourA.M.' Co-sine. • Sine. ' Cotang. 'Taugent.lCo-secant' Secant. ' 


M 



107 Degi. 



Oe|;8. 72. 



L 




Log. Sinesy Tangents and Secants* 



1 



^ 18 Degs. 














Degs. 161. 


M 


HoarA.M. 


Hourpji. 


Sine. 


Co-sine. 


Tangent. 


Co-tang. 


1 Secant. 


(!(Hsecaui 
10.5100S 


t| M 





9 36 


2 24 


9.48998 


9.97821 


9.51178 


10.4882^10.02179 


1' 60 


1 


35 52 


24 8 


4M37 
4^6 


97817 


61221 


487791 02183 


50963 


» 59 


s 


35 44 


24 16 


97812 


' 51264 


48736 


02188 


50924 


, 58 


3 


35 36 


24 24 


49115 


97808 


51306 


48694 


021 9S 


5088J 


» 57 


4 


35 28 


24 32 


49163 


97804 


51349 


48651 


02196 


50847 


56 


6 


9 35 20 


2 24 40 


9.49192 


9.97800 


9.61392 


10.48608 


10.0220C 


10.50806 55 


6 


35 12 


24 48 


49231 


97796 


51436 


48566 


02204 


5076S 


54 


7 


35 4 


24 56 


49269 


97792 


61478 


48522 


02208 


50731 


53 


8 


34 56 


25 4 


49308 


97788 


51620 


484801 02212 


50692 


52 


9 


34 48 
9 34 40 


25 12 


49347 


97784 


61563 


48437 


02216 


50663| 51 


10 


, 2 25 20 


9.49385 


9.97779 


9.61606 


10.48394 


10.02221 


10.60616 


50 


U 


34 32 25 28 


49424 


97775 


51648 


48352 


02226 


50576 


49 


12 


34 24 25 36 


49462 


97771 


61691 


48309 


02229 


50638 


48 


13 


34 16 


26 44 


49500 


97767 


51734 


48266 


02233 


50600 


47 


14 


34 8 


25 52 


49539 


97763 


61776 


48224 


02237 


50461 


46 


Id 


9 34 


2 26 


9.49577 


9.97759 


9.51819 


10.48181 


10.02241 


10.50423 


45 


16 


33 52 


26 8 


49615 


97754 


51861 


48139 


02246 


50385 


44 . 


17 


33 44 


26 16 


49654 


97750 


51903 


48097 


02250 


50846 


43 


18 


33 36 


26 24 


49692 


97746 


51946 


48054 


02254 


50308 


42 


19 


S3 28 


26 32 


49730 


97742 


51988 


48012 


02268 


50270 


41 


20 


9 33 20 


2 26 40 


9.49768 


9.97738 


9.62031 


10.47969ll0. 02262 


10.50232 


40 


21 


33 12 


26 48 


49806 


97734 


62073 


47927 


02266 


50194 


39 


22 


33 4 


26 56 


49844 


97729 


52116 


47886 


02271 


50156 


38 


23 


32 56 


27 4 


49882 


97725 


62167 


47843 


02275 


50118 


37 


24 


32 48 


27 12 


49920 


97721 


52200 


4780P 


02279 


50080 


36 


25 


9 32 40 


2 27 20 


9.49958 


9.97717 


9.52242 


10.47758 


10.02283 


10.60042 


35 


26 


32 32 


27 28 


49996 


97713 


52284 


47716 


02287 


50004 


34 


27 


32 24 


27 36 


50034 


97708 


62326 


47674 


02292 


49966 


33 


28 


32 16 


27 44 


50072 


97704 


52368 


47632 


02296 


49928 


32 


29 


32 8 


27 52 


50110 


97700 


52410 


47690 


02300 


49890 


31 


30 


9 32 


2 28 


9.60148 


9.97696 


9.52452 


10.47648 


10.02304 


10.49852 


30 


31 


31 52 


28 8 


50186 


97691 


62494 


47606 


02309 


49815 


29 


32 


.31 44 


28 16 


50223 


97687 


62536 


47464 


02313 


49777 


28 


33 


31 36 


28 24 


50261 


97683 


62578 


. 47422 


02317 


49739 


27 


34 


31 28 


28 32 


50298 


97679 


52620 


47380 


02321 


49702 


26 


36 


9 31 20 


2 28 40 


9.50336 


9.97674 


9.52661 


10.47339 


10.02326 


10.49664 


25 


36 


31 12 


28 48 


50374 


97670 


53703 


47297 


02330 


49626 


24 


37 


31 4 


28 56 


50411 


97666 


52746 


47255 


02334 


49589 


23 


38 


30 56 


29 4 


50449 


97662 


52787 


47213 


02338 


49551 


22 


39 


. 30 48 


29 12 


50486 


97667 


52829 


47171 


02343 


49514 


21 


40 


9 30 40 


2 29 20 


9.50523 


9.97653 


9.52870 


10.47130 


10.02347 


10.49477 


20 


41 


30 32 


29 28 


50561 


97649 


52912 


47088 


02361 


49439 


19 


42 


SO 24 
30 16 


29 36 


50598 


97645 


52953 


47047 


02365 


49402 


18 


43 


29 44 


50635 


97640 


52995 


47005 


02360 


49365 


17 


44 


30 8 


29 52 


50673 


97636 


53037 


46963 


02364 


49327 


16 


45 


9 30 


2 30 


9.50710 


9.97632 


9.53078 


10.46922 


10.02368 


10.49290 


15 


46 


29 52 


30 H 


50747 


97628 


53120 


46880 


02372 


49253 


14 


47 


29 44 


80 16 


50784 


97623 


53161 


46839 


02377 


49216 


13 


48 


29 36 


80 24 


50821 


97619 


53202 


46798 


02381 


49179 


12 


49 


29 28 


SO 32 


50858 


97615 


53244 


46766 


02385 


49142 


11 


50 


9 29 20 


2 30 40 


9.50896 


9.97610 


9.53285 


10.46716 


10.02390 


10.49104 


10 


51 


29 12 


30 48 


50933 


97606 


53327 


46673 


02394 


49067 


9 


as 


29 4 


30 56 


50970 


97602 


53368 


46631^ 


02398 


49030 


8 


53 


28 56 


31 4 


51007 


97597 


53409 


46591 


02403 


48993 


7 


54 
55 


28 48 


31 12 


51043 


97693 


53460 


46650 


02407 


48957 


6 


9 28 40 


2 31 20 


9.51080 


9.97589 


9.53492 


10.46508 


10.02411 


10.48920 


6 


56 


28 32 


31 28 


51117 


97584 


53533 


46467 


02416 


48883 


4 


57 


28 24 


31 36 


51154 


97680 


53574 


46426 


02420 


48846 


3 


58 


28 16 


31 44 


51191 


97576 


63615 


46386 


02424 


48809 


2 


59 


28 8 


31 52 


51227 


97671 


53656 


46344 


02429 


4b773 1 1 I 


60 


28 


32 


51264 


97667 


53697 


46303 


02433 48736 





M . 


Hourp.H. 


HourA-M. Co-sine, i 


Sine. 1 


Co-tang. 


Tangent. Co-secanif Secant. | 


M 



lOSDegB. 



Degs. 71. 



LT-J 



ISPega. 



M IHonrAji. 



iHonrp.H 



I 9 28 

1 ! 27 62 



2 
3 
4 



5 
6 

7 
8 
9 



10 
11 
12 
18 
14 



]£ 
16 
17 
18 
19 



20 
21 
22 
28 
24 



27 44 

27 36 

27 28 



9 27 201 
27 12 
27 4 
26 56 
26 48 



9 26 40 
26 32 
26 24 
26 16 
26 8 



9 26 
25 

25 
25 

25 





52 
44 
36 
28 



Long. Sines, Tangents and Secants. 
Sine. 



2 32 
32 8 
32 16 
32 24 
32 82 



2 32 40 
32 48 

32 56 

33 4 
33 12 



2 33 201 
33 28 
33 36 
33 44 
33 52 



34 

34 

34 16 
34 24 
34 32 



25 
26 
27 
28 
29 



30 
31 
32 
33 
34 



9 25 

-25 
25 

24 
24 



20 2 
12 

4 
56 
48 



24 40 
24 32 
24 24 
24 16 
24 8 



35 
36 
37 
38 
39 



24 
23 52 
23 44 
23 36 
23 28 



34 40 
34 48 

34 56 

35 4 
35 12 



36 20 
35 28 
35 36 
35 44 
35 52 



9.51264 
51301 
51338 
51374) 
51411 



9.51447 
51484 
61520 
51557 
51593 



9.51629 
51666 
51702 
51738 
61774 



9.51811 
51847 
61883 
51919 
61955 



Co-sine. 



Tangent. 



9.97567 
97663 
97558 
97654 
97660 



9.97645 
97641 
97536 
97532 
97528 



9.97523 
97519 
97616 
97510 
97606 



9.61991 
52027 
62063 
52099 
62135 




8 



2 36 
36 
36 16 
36 24) 
36 32 



40 
41 
42 
43 
44 



45 

46 
47 
48 
49 



23 20 
23 12 
23 4 
22 56 
22 48 



9 22 40 
22 32 
22 24 
22 16 
22 8 



2 36 40 
36 48 

36 66 

37 4 
37 12 



50 
51 
52 
53 
54 



9 22 
21 62 
21 44 
21 86 
21 28 



20 
12 



9 21 
21 
21 4 
20 66 
20 48 



2 37 20 
37 28 
37 36 
37 44) 
37 62 



9.62171 
62207 
52242 
62278 
62314 



9.97501 
97497 
97492 
97488 
97484 



9.97479 
97475 
97470 
97466 
97461 



9.63697 
53738 
5377 



Co-tanj^. 



'P 



538 
53861 



9.63902 
63943 
53984 
54026 
64065 



9.54106 
54147 
54187 
54228 
54269 



9.54309 
54360 
64390 
54431 
54471 



10.46303 
46262 
46221 
46180 
46139 



10.46098 
46067 
46016 
45975 
45936 



10.45894 
45863 
45813 
45772 
46731 



10.45691 
46650 
46610 
45569 
46629 



9.97457 
97463 
97448 
97444 
97439 



9.62350 9.97436 



623S5 
62421 
62466 
52492 



9.52627 
52663 

62698 
52634 
52669 



9.5451210.45488 
54562 46448 
64693 46407 
54633 46367 
64673 46327 



9.64714 
54754 
64794 
54836 
1^4876 



10.46286 
46246 
46206 
46165 
46125 



Secant. 



I)tgi.l60. 



10.02433 
02437 
02442 
02446 
02460 



10.02466 
02469 
02464 
02468 
02472 



10.02477 
02481 
02486 
02490 
02494 



10.02499 
02603 
02508 
02612 
02616 



10.02621 
02626 
0Sa30 
02684 
02639 



9.64916 
97430 54966 
97426 54996 
9742lf 56036 
97417 66076 



9.97412 
97408 
97403 
97399 
97394 



2 38 
38 8 
38 16 
38 24 
38 32 



56 
66 
57 
68 
59 
60 



9 20 40 
20 32 
20 24 
20 16 
20 8 
20 



2 88 40 
38 48 

38 66 

39 4 
39 12 



9.62706 
62740 
52776 
62811 
52846 



9.62881 
62916 
52961 
52986 
63021 



9.97390 
97386 
97381 
97376 
97372 



9.65110 
65166 
65195 
66235 
55275 



2 39 20 
39 28 
39 36 
39 44 

39 52 

40 



9.63066 
63092 
631 2G 
53161 
53196 



9.97367 
97363 
97368 
97363 
97349 



9.55316 
55355 
56396 
56434 
55474 



10.46086 
46046 
46006 
44966 
44926 



10.02643 
02647 
02662 
02666 
02661 



Co-fecaai 



10.48736 
48699 
48662 
48626 
48589 



10.48653 
48616 
48480 
48443 
48407 



10.48371 
48834 
48296 
48262 
48226 



10.48189 
48153 
48117 
48081 
48046 



10.48009 
47973 
47937 
47901 
47865 



M n 



60 
69 
58 
57 
66 



65 
54 
53 
52 
51 



50 
49 
48 
47 
46 



45 
44 

43 
42 
41 



40 
39 



37 
36 



10.47829 35 
47793. 34 



10.02666 
02670 
02674 
02679 
02663 



10.44886 
44846 
44806 
44766 
44726 



10.02688 
02692 
02697 
02601 

^ 02606 



9.97344 
97340 
97336 
97331 
97326 



M *Hourp. M.iHoui-A .M 
~i 09 T'egs. 



9.63231 


9.97322 


53266 


97317 


63301 


97312 


53336 


97308 


63370 


97303 


53406 


97299 



9.56614 
55664 
55693 
66633 
56673 



9.66712 
66752 
56791 
66831 
56870 



10.44686 
44646 
44606 
44666 
44626 



10.44486 
44446 
44407 
44367 
44327 



47768 

47722 
47686 



10.47660 
47616 
47679 
47644 
47508 



33 
32 
31 



10.02610 
02616 
02619 
02624 
02628 



9.56910 
56949 
66989 
66028 
66067 
66107 



10.44288 
44248 
44209 
44169 
44130 



10.02633 
02637 
02642 
02647 
02651 



10.47473 
47437 
47402 
47366 
47331 



10 



30 
29 
28 
27 
26^ 

25 

24 
23 
22 
21 



.47296 
47260 
47225 
47189 
47154 



10 



Co-5ino. I 



biLiQ. Co-tang;. 



10.44090 
44061 
44011 
43972 
43933 
43093 



Tangent. 



10.02666 
02660) 
02665 
02669 
02674 



10 



02678 
02683 
02688 
02692 
02697 
02701 



Co-secaut 



.47119 
47084 
47049 
47014 
46979 



10.46944 
46908 
46874 
46839 
46804 



20 
19 
18 
17 
16 



15 
14 
13 
12 
11 



10.46769 
46734 
46699 
46664 
46C30 
46696 



Secant. 



10 
9 
8 
7 
6 



6 

4 
3 
2 
1 




M 



Pegs. 7V. 



Log. Sines^ Tangents and Secants. 



fiODe^. 














Degs. 159. 


1 M 


HoarA.M. HoniT.N.l 


Sine. 


Co-sine. 


Tangent. 


Co-tang. Secant. < 


Co-secant 


M 





9 20 


2 40 01 


9.534U5 


9.97299 


9.56107 


10.4389310.02701 


10.46595 


60 


1 


19 52 


40 8i 


534401 


97294 


66146 


43854 


02706 


46560 59 1 ) 


S 


19 44 


40 16 


5347A 972891 


56185 


43816 


02711 


46525 


58 


3 


19 36 


40 24 


53509 


97285 


56224 


43776 


02716 


46491 


67 


4 


19 28 


40 32 


53544 


97280 


66264 


43736 


02720 


46456 
10.46422 


66 


6 


9 19 20 


2 40 40 


9.53578 


•9^97276 


9.56^3 


10.43697 


10.02724 


55 


6 


19 12 


40 48 


53613 


97271 


56342 


43658 


02729 


46387 


54 


7 


19 4 


40 56 


53647 


97266 


56381 


43619 


02734 


46353 


53 


8 


18 56 


41 4 


53682 


97262 


56420 


43580 


02738 


46318 


52 


9 


18 43 


41 12 


53716 


97257 


56469 


43641 


02743 


46284 


51 


10 


9 18 40 


2 41 20 


9.53751 


9.97252 


9.56498 


10.43602 


10.02748 


10.46249 


^ 


11 


18 32 


41 28 


63785 


97248 


56597 


43463 


027521 


46215 


49 


IS 


18 24 


41 36 


53819 


97243 


66676 


43424 


02757 


46181 


48 


13 


18 16 


41 44 


53854 


97238 


56615 


43385 


02762 


46146 


47 


14 


18 8 


41 52 


53888 


97234 


66654 


43346 


02766 


46112 


46 


15 


9 18 


2 42 


9.53922 


9.97229 


9.56693 


10.43307 


It). 02771 


10.46078 


45 


16 


17 52 


42 8 


53957 


97224 


66732 


43268 


02776 


46043 


44 


17 


17 44 


42 16 


53991 


97220 


56771 


43229 


02780 


46009 


43 


18 


17 36 


42 24 


54025 


97215 


66810 


43190 


02785 


45975 


42 


19 


17 28 


42 32 


54059 


97210 


66849 


43161 


02790 


45941 


41 


20 


9 17 20 


2 42 40 


9.64093 


9.97206 


9.56887 


10.43113 


10.02794 


10.45907 


40 


21 


17 12 


42 48 


54127 


97201 


56926 


43074 


02799 


45873 


39 


22 


17 4 


42 56 


64161 


97196 


56965 


43035 


02804 


45839 


38 


23 


16 56 


43 4 


64195 


97192 


57004 


42996 


02808 


45805 


37 


24 


16 48 


43 12 


64229 


97187 


57042 


42968 


02813 


46771 


36 


25 


9 16 40 


2 43 20 


9.54263 


9.97182 


9.57081 


10.42919 


10.02818 


10.46737 


35 


26 


16 32 


43 28 


54297 


97178 


67120 


42880 


02822 


45703 


34 


27 


16 24 


43 36 


54331 


97173 


67158 


42842 


02827 


45669 


33 


28 


16 16 


43 44 


54365 


97168 


57197 


42803 


02832 


45635 


32 


29 


16 8 


43 52 


64399 


97163 


67236 


42765 


02837 


45601 

• 


31 


30 


9 16 


2 44 


9.54433 


9.97159 


9.67274 


10.42726 


10.02841 


10.45567 


30 


31 


15 52 


44 8 


54466 


97154 


57312 


42688 


02846 


45534 


29 


32 


15 44 


44 16 


64500 


97149 


57351 


42649 


P2861 


45500 


28 


33 


15 36 


44 24 


54534 


97145 


57389 


. 42611 


02856 


45466 


27 


34 


15 28 


44 32 


64567 


97140 


67428 


42572 


02860 


45433 


26 


35 


9 15 20 


2 44 40 


9.5460f 


9.97135 


9.67466 


10.42534 


10.02866 


10.45399 


25 


36 


15 12 


44 48 


54635 


97130 


67504 


42496 


02870 


45366 


24 


37 


15 4 


44 56 


54668 


97126 


57543 


42457 


02^74 


45332 


23 


38 


14 56 


45 4 


64702 


97121 


57581 


42419 


02879 


45298 


22 


39 


14 48 


45 12 


54735 


97116 


67619 


42381 


02884 


45266 


21 


40 


9 14 40 


2 45 20 


9.64769 


9.97111 


9.67658 


10.42342 


10.02889 


10.45231 


20 


41 


14 32 


45 28 


54802 


97107 


57696 


42304 


02893 


45198 


19 


42 


14 24 


45 36 


64836 


97102 


67734 


42266 


02898 


45164 


18 


43 


14 16 


45 44 


64869 


97097 


57772 


42228 


02903 


45131 


17 


44 


14 8 


45 52 


54903 


97092 


57810 


42190 


02908 


46097 


16 


45 


9 14 


2 46 


9.54936 


9.97087 


9.57849 


10.42151 


10.02913 


10.45064 


15 


46 


IS 52 


46 8 


54969 


97083 


67887 


42113 


02917 


45031 


14 


. 47 


13 44 


46 16 


65003 


97078 


57926 


42076 


02922 


44997 


13 


fi 48 


13 36 


46 24 


55036 


97073 


57963 


42037 


02927 


44964 


12 


[ ^^ 


13 28 


46 32 


66069 


97068 


58001 


41999 


02932 


44931 


11 


50 


9 13 20 


2 46 40 


9.55102 


9.97063 


9.58039 


10.41961 


10.02937 


10.44898 


10 


51 


13 12 


46 48 


65136 


^7059 


58077 


41923 


02941 


44864 


9 


52 


13 4 


46 56 


55169 


97054 


58115 


4188S 


02946 


44831 


8 


53 


12 56 


47 4 


56202 


97049 


58163 


41847 


02961 


44798 


7 


54 


n 48 


47 12 


65233 


97044 


58191 


41 SOS 


029661 44765 


6 


i 55 
! 56 


9 12 40 


2 47 20 


9.56268 


9.97039 


9.5822S 


10.41771 


10.02961 


10.44732 


5 


12 32 


47 28 


55301 


97036 


68267 


41733 


0296£ 


> . 4469S 


4 


1 57 


12 24 


47 36 


55334 


97030 


68304 


41696 


0297C 


1 44666 


3 


58 


12 16 


47 44 


65367 


97025 


5834S 


41658 


02975 


> 44633 


2 


59 


12 81 47 52 


56400 


97020 


5838Q 


> 4162G 


O2980 


I 4460G 


1 


60 


12 0| 48 


55433 


97015 


58418 


4158S 


02985 


1 44567 





M 


Hourp.M. HourA.M. 


Co-sine. 


Sine. 


Co>tang 


. Tangent 


Co-secanti SSecant. 1 M | 



IHIDegB. 



Degs. 69. 



21 Degi. 



Log. Sines, Tangents and Secants. 



M |HourA.M. 




1 

2 
3 

4 



6 
6 
7 
8 
9 



10 

lit 

12 
13 
14 



15 
16 
17 
18 
19 



20 
21 

22 
23 
24 



25 
26 
27 
28 
29 



30 
31 
32 
33 
34 



35 

36 
37 
38 
39 



40 
41 

42 
43 
44 



45 
46 
47 
46 
49 



50 
5t 
52 
53 
54 



55 
56 
57 
56 
59 
60 



12 
11 
11 

11 1^ 
11 28 




52 
44 



11 20 
U 12 
11 4 

10 56 
10 48 



10 40 
10 32 
10 24 
10 16 
10 8 



10 
9 
9 
9 

9 





52 
44 
36 
2a 



9 20 
9 12 
9 4 
8 56 
8 48 



8 40 
8 32 
8 24 
8 16 
8 8 



Hourp.M. 



46 
48 
48 
48 

48 





8 
16 
24 
32 



2 



48 
48 
48 
49 
49 



40 
48 

be 

4 

12 



8 
7 62 
7 44 
7 36 

7 28 



9 7 
7 
7 
6 
6 



20 
12 
4 
56 
48 



6 
6 
6 
6 
6 



9 6 
6 
5 
6 
5 



40 
32 

24 
16 

8 

■»*>• 

01 
52 
44 
36 
28 



9 5 
6 
B 

4 
4 



20 
12 

4 
56 
48 



9 4 
4 
4 
4 
4 
4 



401 
32 
24 
16 
8 





49 20 
49 28 
49 36 
49 44 
49 52 



50 
50 
50 16 
50 24 
50 32 



2 50 40 
50 48 

50 56 

51 4 
51 12 



2 51 20 
61 28 
61 36 
51 44 
51 52 



2 52 
52 8 
52 16 
52" 24 
52 32 



52 40 
52 48 

52 56 

53 4 
53 12 



53 20 
53 28 
53 36 
53 44 
53 52 




Sine. I Co-sine. IXangent. 



9.55433 
55466 
55499 
55532 
55564 



9.56597 
55630 
55663 
65695 
55728 



9.55761 
55793 
55826 
55358 
55891 



9.55923 
55956 
55988 
56021 
56053 



9.56085 
56118 
56156 
56182 
56215 



9.56247 
66279 
56311 
56343 
56375 



9.56408 
66440 
56472 
56504 
56536 



.56568 
56599 
56631 
56663 
56695 



9. 



56727 
56759 
66790 
56822 
56854 

.56886 
66917 
56949 
66980 
57012 



2 64 40 

54 48 

64 66 

55 4 

65 12 



9.57044 
57075 
67107 
57138 
671691 



^ 65 20 

55 28 
65 36 
65 44 
65 52 

56 



i M iHoiu7.M.!UQttrA.lLLp0'Sipe, [ 



9.57201 
67232 
57264 
67295 
57326 
57358 



9.97015 

. 97010 

97005 

97001 

96996 



9.96991 
96986 
96981 
969'»6 
96971 



9.96966 

96962 

'96957 

96952 

96947 



9.96942 
96937 
96932 
96927 
96922 



9.96917 
96912 
96907 
969031 
96898 



9.96893 
96888 
96883 
96878 
96873 



9.96868 
d6863 
96868 
96863 
96848 



9.968431 
96838 
96833 
96828 
96823 



9.96818 
96813 
96808 
96803 
96798 



9.96793) 
96788 
96783 
96778 
96772 



9.96767 
96762 
96757 
96752 
96747 



9.58418 
68455 
68493 
68531 
68569 



9.68606 
686441 
58681 
68719 
58757 



9. 58794 
58832 
68869 
68907 
58944 



9.58981 
59019 
69056 
590941 
59131 



Co-tang 



10.41582 
41545 
41507 
41469 
41431 



.* 



10.41394 
41356 
41319 
41281 

412431 



10.41206 
41163 
41131 
41093 
41056 



9.59168 
59205 
59243 
69280 
69317 



10.41019 
40981 
40944 
40906 

40869 



10 



9.69354 
69391 
59429 
69466 
59503 



40832 
40795 
40757 
40720 
40683 



10 



9.59540 
69577 
69614 
69661 
59688 



9.59725 
59762 
69799 
69835 
59872 



9.69909 
69946 
69983 
60019 
60056 



9.60093 
60130 
60166 



.40646 
40609 
40571 
40534 
40497 



10.40460 
40423 
40386 
40349 
40312 



10.40275 
40238 
40201 
4dl65 
40128 



10.40091 
40054i 
40017 
3^81 
39944 



60203 3d797 



60240 



9.96742 
96737 
96732 
96727 
96722 
96717 



9.60276 
60313 
60349 
60386 
60422 



9.60459 
60495 
60532 
60568 
60605 
60641 



10.39907 
39870 
39834 



39760 



10.39724 
39687 
S%51 
39614 
39578 



Secant. 



10.02985 
02990 
02996 
02999 
03004 



10.03009 
0S014 
03019 
030241 
03029 



10.03034 
03038 
03043 
03048 
03C53 



10.03058 
03063 
03068 
03073 
03078 



10 



03083 
03088 
03093 
03097 
03102 



10 



03107 
03112 
03117 
03122 
03127 



10.03132 
03137 
03142 
03147 
03152 



10.03157 
03162 
03167 
03172 
0317 



10 



.0318 

03187 

03192 

03197 

($3202 



10 



03207 
03212 
03217 

63222 



03228 



10 



10.39541 
39505 
39468 
39432 
39395 
39359 



03233 
03238 
03243 
03248 
03253 



10 



03258 
03263 
03268 
03273 
03278 
03283 



Degg. 1S8. 
C^-secant W 



10.44567 
44534 
44501 
44468 
44436 



60 
59 
68 
67 
56 



10.44403 
44370 
44337 
44305 
44272 



10.44239 
44207 
44174 

44142 
44109 



10.44077 

kA04A 

41012 
43979 
43947 



10.43915 
43882 
43850 
43818 
43785 



10.43753 
43721 
43689 
43657 
43625 



10.43592 
43560 
43528 
43496 
43464 



10.4S432J 
43401 
43369 
43337 
43305 



10 



43273J 

43241 

432101 

43178 

43146 



10 



43114 
43083 
43051 
43020 
42988 



10 



42956 
42925 
42893 
42862 
42831 



10.42799 
42768 
42736 
42705 
42674 
42642 



66 
64 

53 
52 
51 



50 
49 
48 
47 
46 



46 
44 
43 
42 
41 



40 
89 
38 
37 
3^ 



85 
34 

31 

3i 



30 

id 
2d 

27 

26 



25 
24 
23 
t^ 
21 



26 
19 
18 

it 

)6 



IK 
14 
1^ 
it 
ii 



10 
9 
8 
7 
6 



5 

4 
3 

S 

1 





lUDegi. 



SiaSu.- Co-tgng. Tangent. Co-aecant Secant, j M 

i.-.'." —  ' Pegs. 68. 



I 



'.' 



^1 



ia Peg§. 



Log. Sines, Tangents and Secants. 



M 




1 

2 
3 

4 



b 
6 
7 
8 
9 



10 
11 
IS 
13 
U 



16 
16 
17 
18 
19 



SO 
SI 

ss 
ss 

S4 



Sfi 
S6 
27 
S8 
S9 



90 
SI 
52 
33 
34 



3d 
36 
37 
38 
39 



HourA.v. 



40 
41 
42 
43 
44 

45 
46 
47 

48 

49 



50 
61 
62 
53 
64 



4 
3 
3 




62 
44 



3 36 
3 28 



If 



ourp.M. 



2 66 a 

66 8 
56 16 
56 24 
66 32 



3 ^0 
3 12 

3 4, 
2 66 
2 481 



66 40 
66 48 

66 56 

67 4 
67 12 



9 2 40 
2 32 
S 24 



S 
2 



16i 
8 



67 20 
57 28 
67 3^ 
57 44' 
67 62 



Sine. 



9.67368 
57389 
57420 
67451 
67482 



9.67314 
57645 
67576 
57607 
57638 



9.67669 

57700 

57731 

57762 

• 67793 



a 

1 52 
1 44f 
1 36 
1 28 



1 
1 
1 



20 

12 

4 



6 56 
48 



40 
32 
2 



2 68 
58 
58 16 
58 24j 
58 32 



2 58 40 
58 48 
58 56 
59 
59 



4 
12 



ti 



16 
8 



9 

8 59 52 

59 44 

59 36 

59 28 



8 69 20( 
59 12 
69 4 
68 56 
58 48 



2 59 20 
59 28 
59 36 
59 44 
59 52 






e 16 

24 
32 



3 



40 
48 

66 

1 4 
1 12 



63 
66 
57 
58 
59 
60-1 



8 58 40 
58 32 
68 24 
58 16 
58 8 



8 68 
57 52 
57 44 
57 36 
57 28 



8 57 20 
67 12 
57 4 
56 56 
56 48 



3 



1 
1 
1 
1 
1 



20 
28 
36 

44 
62 



2 
2 
2 16 
2 24 
2 32 



3 2 40 



2 
2 
3 
3 



48 

56 

4 

12 



8 66 40 3 3 20 



56 32 
56 24 
56 16 
56 8 
56 



3 28 
3 36 
3 44 

3 62 

4 



9.67824 
57865 
57885 
57916 
67947 



9.67978 
58008 
58039 
580701 
58101 



9.68131 
58162 
58192 
582231 
58253 



9.58284 
58314 
58345 
58376 
68406 



9.68436 
58467 
58497 
58527 
58567 



9.58588 
58618 
58648 
58678] 
68709 



9.58739 
58769 
58799 
58829 
58869 



9.58889 
68919 
58949 
58979 
59009 



9.69039 
69069 
69098 
69128 
69168 
69188 



Co-sine. ! Tangent. 



9.96717 
96711 
967061 
96701 
96696 



Co-tang. 



9.60641 
60677 
607141 
60730 
60786 



9.96691 
96686 
96681 
96676 
96670 



9.9666.*) 
96660 
96666 
96660 
96645 



9.96640 
96634 
96629 
96624 
96619 



9.96614 
96608 
96603 
96698 
96593 



9.96688 
96582 
96677 
96572 
96567 



9.96662 
96656 
96551 
96546 
96541 



9.96636 
96630 
96526 
96520 
96514 



9.96609 
96504 
96498 
96493 
d6488 



9.96483 
96477 
96472i 
96467 
96461 



9.96456 
96451 
96446 
96440 
96436 



9.96429 
96424 
96419 
96413 
96408 
96403 



9.60823 
60859 
60895 
60931 

60967 



9.61Q04 
61040 
61076 
6U12 
61148 



9.61184 
61220 
61266 
61292 
61328 



10.39369 
59323 
39286 
39260 
59214 



Secant. 



10.03283 
03289 
03294 
03299 
03304 



Deg». 157. 



Co-secant 



10.39177 
39141 
39106 
39069 
39033 



10.38996 
38960 
38924 
38888 
38862 



10 



9.61364 
61400 
61436 
61472 
61608 



9.61544 
61679J 
61615 
61651 
61687 



9.61722 
61758 
61794 
61830 
61865 



9.61901 
61936 
61972. 
62008 
62043 



9.62079 
62114 
62150 
62185 
62221 



9.62256 
62292 
62327 
62362 
62398 



9.62433110 
62468 
62504) 
62639 
62574 



M Hourp.M. HourA.M.| CO'Sine. I Sine. 



9.62609 
62645 
62680 
62715 
62750 
62785 



Cotang. 



.38816 
38780 
38744 
38708. 
38672 



10 



03309 
03314 
03319 
03324 
03330 



10 



03336 
03340 
03345 
03350 
03355 



10 



.38636 
38600 
38564 
38528 

38492 



10.0336010.42176 
03366 42145 
03371 42115 
03376 42084 
03381 42053 



10 



03386 
03392 
03397] 
03402 
03407 



10.38466 
33-121^ 
38385 
38349 
38313 



10 



.38278 
38242 
38206 
38170 
38135 



10 



.38099 
38064 
38028 
37992 
37957 



10.37921 
37886 
37850 
37815 
37779 



10.37744 
37708 
37673 
37638 
37602 



.37567 
375324 
37496 
37461 
37426 



10.37391 
37355 
37320 



37250 
37216 



Tangent. 



10.03412 
03418, 
03423 
03428 
03433 



10 



03438 
03444 
03449 
0345^ 
03459 



10 



03465, 
03470 
03475 
03480 
03486 



10.03491 
03496 
03502J 
03507 
03512 



10.03517 
03523 
03528 
03533 
03539 



10.03544 
03549 
€3555 
O3560 
03566 



10.03571 
03576 
03581 



37285 03587 



03592 
03697 



10.42642 
42611 
42580 
42549 
42518 



10 



.42486 
42456 
42424 
42393 
42362 



10 



M 



60 
59 
58 
67 
56 



55 
54 
53 
62 
51 



.42331 
42300 
42269 
42238 
42207 



10 



.42022 
41992 
41961 
41930 
41899 



10.41869 
41838 
41808 
41777 
41747 



10 



.41716 
41686 
41655 
41625 
41594 



10 

% 



.41564 
41533 
41503 
41473 
41443 



10.41412 
41382 
41352 
41322 
41291 



UO. 41261 
41231 
41201 
41171 
41141 



10.41111 
41081 
41051 
41021 
40991 



10.40961 
40931 
40902 
40872 
40842 
40812 



Co-secant I Secant 



5CI 
49 
48 
47 
46 



45« 

44 

43 

42 

41 



40 
39 
38 
37 
36 



35 
34 
33 
32 
31 



30 
29 
28 
27 
26 



25 
24 
23 
22 
21 



20 
19 
18 
17 
16 



15 
14 
13 
12 
11 



10 
9 
S 

7 
6 



4 
3 
2 
1 




M 



Dtgfu 67 



85Deg»» 



Log. Sinesy Tangents and Secants. 



Hourpji.| Siae. ICb-sine. 



Co-tang. I Secant 



Co^ 



Pa^» \6n. 



M [HoorA.M 




1 

i 

3 

4 



5 
6 

7 
8 
9 



10 
11 
12 
13 
14 



Id 
16 
17 
18 
19 



20 
21 

22 
23 
24 



8 56 
55 
55 
55 
55 




62 
44 

36 
28 



8 55 
55 
55 
54 
54 



20 
12 

4 
56 
48 



8 54 
54 
54 
54 
54 



40 
32 
24 
16 
8 



8 



54 
53 52 
53 44 

53 36 
53 28 



8 



53 20 
53 12 
53 4 

52 56 
52*48 




8 



4 
4 
4 16 
424 
4 32 



4 40 
4 48 

4 56 

5 4| 
5 12 



5 20 
5 28 
5 36 
5 44 

5 52 



6 
6 
€ 
6 
6 





8 

16 

24 

32 



6 
6 
6 
7 
7 



40 
48 
66 
4 
12 



9.59188 
59218 
59247 
59277 
59307 



9.59336 
59366 
59396 
69425 
59455 



9.59484 
59514 
59543 
59573 
59602 



9.59632 
59661 
59690 
59720 
59749 



.69778 
69808 
69837 
59866 
59895 



Tangent 



9.96403 
96397 
96392 
96387 
96381 



9.96376 
96370 
96365 
96360 
96354 



9.96349 
96343 
96338 
96333 
96327 



9.96322 
96316 
96311 
963061 



9.96294 
96289 
96284 
96278 
98273 



62785 10.37215)10.03o97 
62820 37180J 03603 
62855 37145 03608 
62890 37110 03613 
62926 37074 03619 



62961 
62996 
63031 
63066 
63101 



.63135 
63170 
63206 
63240 
63275 



.63310 
63345 
63379 
63414 



96300 63449 



63519 
63553 
63588 
63623 



10.37039 10.03624 10.40664 
37004 03630 40634 
36969 03636 40604 
36934 03640 40575 
368991 036461 40545 



10 



.36865 
36830 
36795 
36760 
36725 



10.3669010 
36655 
36621 
36686 
36661 



9.63484 10 o36dl6 



36481 
36447 
36412 
36377 



10 



03661 
03657 
03662 
03667 
03673 



.03678 
03684 
03689 
03695 
03700 



10. 



03706 
03711 
03716 
03722 
03727 



secaatj M | 



10.40312 

40782 

40753 

/ 40723 

40693 



60 
69 
58 
57 
56 



55 
54 
63 
62 
61 



10 



.40516. 
40486i 
40457^ 
404271 
403981 



60 

49 
48 
47 
46 



10 



.40368 
40339 
40310 
40280 
40251 



10 



.40222 
40192 
40163 
40134 
40105 
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9.64698 
64724 
64749 
64776 
64800 



9.64826 
64861 
64877 
64902 
64927 



9.64963 
64978 
65003 
66029 
66054 

9.6607^ 
65104 
65130 
65166 
65180 



9.66206 
66230 
651^5 
66281 

65306 



9.66331 

65366 
65381 
66406 
66431 

9.65456 
66481 
655061 
«6531 
66566 



9.66580 
66606 
66630 
65665 
66680 
66706 



Co<«ine. 



Co-sine. 



9.96366 
96360 
95354 
96348 
95341 



9.96336 
95329 
95323 
95317 
96310 



9.96304 

96298 
96292 
95286 
96279 



9.96273 
96267 
96261 
95264 
95248 



9.96242 
96236 
96229 
96223 
96217 



9.95211 
96204 
96198 
95192 
96186 

9.9617$ 
95173 
96167 
95160 
95164 



9.96148 
96141 
95136 
95129 

96122 



9.95116 
96110 
96103 
96097 
95090 



9.96084 
95078 
96071 
96066 
96069 



9.95052 
96046 
96039 
96033 
95027 



9.95020 
96014 
96007 
9600J 
94995 
•94988 



Sine. 



Tangent 



9.68818 
68850 
68882 
68914 
68946 



9.68978 
69010 
69042 
69074 
69106 



9.69138 
69170 
69202 
692341 
69266 



9.69298 
69329 
69361 
69393 
69426 



9.69457 
69488 
69620 
69662 
69584 



9.69616 
69647 
69679 
69710 
69742 



9.69774 
69806 
69837 
69868 
69900 



9.69932 
69963 
69996 
70026 
70068 



9.70089 
70121 
7016? 
70184 
70216 



9.70247 
70278 
70309 
70341 
70372 



9.70404 
70436 
70466 
70498 
70629 



9.70660 
70592 
70623 
70654 
70685 
70717 



Cq-tang. 



Co»tang. 



10.31182 10.04634110.36816 



31160 
31118 
31086 
31064 



10.31022 
30990 
30968 
30926 
30894 



10.3086210.04696 



30830 
30798 
30766 
30734 



10.30702 
30671 
30639 
30607 
30575 



10.30543 
30612 
30480 
30448 
30416 



10.30386 
30863 
30321 
30290 
30268 



10 



.30226 
30195 
30163 
30132 
30100 



J5 



.30068 
30037 
30005 
^9974 
29942 



10. 



29911 
29879 
29848 
29816 
29785 



10 



.29763 
29722 
29691 
29669 
29628 



10 



.29596 
29566 
29634 
29502 
29471 



10.29440 
29408 
29377 
29346 
29316 
29283 



Tangent. 



Secant. 



Pey. 133. 



04640 
04646 
04652 
04659 



10.04666 
04671 
04677 
04683 
04690 



M702 
04708 
04714 
04721 



10.04727 
04733 
04739 
04746 
04752 



10.04758 
04764 
04771 
04777 
04783 



10.04789 
04796 
04802 
04808 
04815 



10 



.048^1 
04827 
04833 
()4840 
04846 



10 



04852 
04869 
04866 
04871 
04878 



10 



.04884 
04890 
04897 
04903 
04910 



10 



Co-Kcan^ 



35790 

36764 
35738 
36712 



10,36637 
36661 
36635 
36609 



36683 61 



10.36568 60 



35632 
36606 
36481 
3{^466 



10.35429 
36404 
35378 
36353 
35327 



10.35302 
35276 
36251 
36225 
36200 



10.35174 
36149 
35123 
36098 
36073 



10 



.36047 
35022 
34997 
34971 
34946 



10 



.34921 
34896 
34870 
34846 
34820 



10. 



34795 
34770 
34745 
34719 
34694 



.04916 
04922| 
04929 
04935 
04941 



10 



10 



.04948 
04954 
04961 
04967 
04973 



.34669 
34644 
34619 
34594 
34569 



10.04980 
04986 
04993 
04999 
06005 
05012 



Co-tacam 



10.34544 
34519 
34494 
34469 

%dAAA. 

9^*9 9 M 9 



10.34420 
34395 
34370 
34346 
34320 
34295 



decant. 



M 



60 
69 
68 
67 
56 



55 
64 
53 
52 



49 
48 
47 
46 



46 
44 

43 
42 
41 



40 
39 

38 
37 

36 



35 
34 
33 
32 
31 



30 

29 
28 
27 
26 



25 
24 
23 
22 
21 



20 
19 
18 
17 
16 



16 
14 
13 
12 
11 



ID 
9 
8 



6 

4 
3 
2 
1 




M 



W^ 



Degs. 63. 



»7l>ggi- 



Log. Sines, Tangents and Secants. 



M IH<N]rA.«. Hoiirp.H 



I 8 24 

1 I SS 





62 



2 
9 

4 



5 
6 
7 
8 
9 



10 
11 
12 
13 
14 



23 
23 

23 



36 
28 



8 23 
23 
23 

22 
22 



SO 
12 

4 
56 
48 



15 
16 
17 
18 
19 



20 
21 

22 
23 
24 



8 22 
22 

22 
22 

22 



IS 

32 

24 

16 

8 



8 22 
21 
21 
21 
21 





62 



36 
28 



8 21 
21 
21 
20 
20 



20 

1*2 

4 

66 

48 



3 36 
36 
36 
36 
36 



Sine. 



01 

8 

16 

24 

32 



3 36 
36 
36 
37 
37 



40 

48 

66 

4 

12 



3 37 
37 
37 
37 
87 



20 

28 
36 
44 
62 



3 38 
38 
38 
38 
38 





8 

16 

24 
32 



3 38 
38 
38 
39 
39 



40 

48 

66 

4 

12 



9.66706 
66729 
66764 
66779 
66804 



9.66828 
66363 
66878 
66902 
66927 



{jo^dne. Tangent.) Co-taok^ 



9.94988 
94882 
94976 
94969 
94962 



9.94966 
94949 
94943 
94936 
94930 



9.66962 
66976 
66001 
66025 
66050 



9.66075 
66099 
66124 
66148 
66:73 



9.66197 
66221 
66246 
66270 
66296 



9.94923 
94917 
94911 

94904 
94898 



9.70717110 
707481 
70779 
70810 
70841 



9.70873 
70904 
70936 
70966 
70997 



9.94891 
94886 
94878 
94871 
94865 



9.94858 
94852 
94845 
94839 
94832 



9.71028 
71069 
71090 
71121 
71153 



9.7118410 
71216 
71246 
71277 
71308 



,29283 

29252 
29221 
29190 
29159 



10 



.29127 
29096 
29065 
29034 
29003 



Seeant. 



10 



.05012 
06018 
05026 
06031 
06038 



Pegs. 152. 



Co-Mcami 

» I III. 



xM 



10 



10.05044110 
06051 
06067 
06064 
06070 



10. 21197210.06077 
28941 06083 
28910 06089 
28879 05096 
28847 05102 



.2881610 
28786 
28754 
28723 
28692 



9.71339 
71370 
71401 
71431 
71462 



10 



28661 
28630 
28699 
28669 
28638 



061U9 
06115 
06122 
06129 
06135 



34295 
34271 
34246 
34221 
34196 



.34172 
34147 
34122 
34098 
34073 



10.34048 
34024 
33999 
33976 
33950 



60 
69 

63 

67 
56 



56 
64 
63 
62 
61 



60 
49 
48 

47 
46 



10.06142 
06148 
06166 
06161 
06168 



10.33926 
33901 
33876 
33852 
33827 



10. 



33803 
33779 
33754 
33730 
33705 



46 
44 
43 
42 

41 



40 
39 
38 
37 
36 



25 
26 
27 
23 
29 



31 
32 
33 
34 



35 
36 
37 
38 
39 



45 
46 
47 
48 
49 

60 
51 
52 
53 
54 



55 

56 
37 
58 
59 
60 



8 20 
20 
20 
20 
20 



40 

32 

24 

16 

8 



3 39 
39 
39 
39 
39 



20 
28 
36 
44 
52 



8 20 

[9 
9 
9 



8 



40 8 

41 

42 

43 

44 



8 



8 



8 




62 
44 
36 
28 



20 

12 
4 

56 

48 



8 40 
8 32 
8 24 
8 16 
8 8 



8 

7 52 
7 44 
7 36 
7 28 



20 
12 
4| 
56 
48 



16 40 
6 32 



24 

16 

8 





3 40 
40 
40 16 
40 24 
40 32 



3 40 40 
40 48 

40 56 

41 4 
41 12 



9.66319 
66343 
66368 
66392 
66416 



9.66441 
66465 
66489 
66513 
66537 



9^66565 
66586 
66610 
66634 
66658 



3 41 20 
41 28 
41 36 
41 44 
41 62 



3 42 
42 
42 16 
42 24 
42 32 



3 42 40 
42 43 

42 56 

43 4 
43 12 



43 20 
43 28 
43 36 
43 44 

43 52 

44 



M <Hourp.M. HoarA.H. Co-.sine 



9.66682 
66706 
66731 
66765 
66779 



9.94826 
94819 
94813 
94806 
94799 



9.71493 
71524 
71656 
71686 
71617 



10 



.28607 
28476 
28445 
28414 
28383 



10.0517410 
05181 
06187 
05194 
06201 



9.94798 
94786 
94730 
94773 
94767 



9.94760 
94753 
94747 
94740 
94734 



66803 
66827 
66851 
66875 
66899 



9.66922 
66946 
66970 
66994 
67018 



9.67042 
67066 
67090 
67113 
67137 
67161 



9.94727 
94720 
94714 
94707 
94700 



9.71648 
71679 
71709 
71740 
71771 



10. 



9.71802 
71833 
71863 
71894 
71923 



9.71955 
71986 
72017 
72048 
72078 



9.94694 
94687 
94680 
94674 
94667 



9.94660 
94654 
94647 
94640 
94634 



9.94627 
94620 
94614 
94697 
94600 
94593 



Siue. 
— 1 — 



9.72109 
7?140 
72170 
72201 

72231 



28352 
28321 
28291 
28260 
28229 



10. 



28198 
28167 
28137 
28106 
28075 



10.28045 
28014 
27983 
27932 

27922 



10.06207 
05214 
05220 
05227 
05233 



10.05240 
05247 
06253 
05260 
05266 



33681 
33657 
38632 
33608 
33684 



10.33659 
33535 
33511 
33487 
33463 



10.33438 
33414 
33390 
33366 
33342 



36 
34 
33 
32 
31 



30 
29 
28 
27 

26 



10.06273 
05280 
05286 
05293 
05300 



9.72262 
72293 
72323 
72354 
72534 



9.72415 

72446 
72476 
72306 
72537 
72557 



Co'tang. 



10.27891 
27860 
27830 

27799 
27769 



10.33318 
33294 
33269 
33245 
33221 



10.27738 
27707 
27677 
27646 
27616 



10.27685 
27555 
27324 
27494 
27463 
27433 



Tangent 



10.03306 10:33197 



03313 
05320 
06326 
03333 



10. 



05340 
05346 
053a3 
03360 
03366 



10. 



05373 
05380 
05386 
05393 
03400 
03407 



33173 
33149 
33125 
33101 



10.33078 
33054 
33030 
33006 

32982 



26 
24 
23 
22 
21 



20 
19 
18 
17 
16 



15 
14 
13 
12 
11 



10 32938 
32934 
32910 
32887 
32863 
32839 



Co-sccaiii S&cant. 



10 
9 
8 
7 
6 



5 

4 
3 
2 
1 




M I 



117 De^. 



Pegs. 62. 



Log. Sinesy Tangents and Secants. 





28 


Degs. 














Degs. 1 


[61. 


- 


M 




[HoarA.M. 


Hoarr.M. 


Sine. 


Co^sine. 


Tangent. 


Co-tang. Secant 


Co-secaiit{ M 




< 8 16 


3 44 


9.67161 


9.94593 


9.72667 


10.27433 


10.0540710.328391 


60 






1 1 16 52 


44 8 


67186 


94587 


72698 


27402 


05413 


32816 


69 






2 


16 44 


44 16 


67208 


94580 


72628 


27372 


05420 


32792 


68 






S 


15 36 


44 24 


67232 


94573 


72669 


27341 


06427 


32768 


57 






4 


15 28 


44 32 


67266 


94667 


72689 


27311 


05433 


32744 


66 




6 


8 15 20 


3 44 40 


9.67280 


9.94560 


9.72720 


10.27280 


10.06440 


10.32720 


66 






6 


15 12 


44 48 


67303 


94553 


72750 


27260 


06447 


32697 


54 






7 


15 4 


44 56 


67327 


94646 


72780 


27220 


05454 


32673 


63 






8 


14 56 


45 4 


67350 


94540 


72811 


27189 


05460 


32650 


62 




• 


9 


14 48 


45 12 


67374 


94633 


72841 


27169 


06467 


32626 


61 




10 


8 14 40 


3 45 20 


9.6739B 


9.94526 


9.72872 


10.27128 


10.06474 


10.32602 


60 




11 


14 32 


45 28 


67421 


94519 


72902 


27098 


05481 


32679 


49 






12 


14 24 


45 36 


67445 


94513 


72932 


27068 


05487 


32555 


48 






13 


14 16 


45 44 


67468 


94506 


72963 


27037 


05494 


32632 


47 






14 


14 8 


46 52 


67492 


94499 


72993 


27007 


06501 


32608 


46 




15 


8 14 3 46 


9.67616 


9.94492 


9.7302S 


10.26977 


10.06508 


10.32486 


46 


' 


16 


13 52 


46 8 


67639 


94486 


73064 


26946 


06616 


32461 


44 






17 


13 44 


46 16 


67662 


9447U 


73084 


26916 


05621 


32438 


43 






18 


13 36 


46 24 


67686 


94472 


73114 


26886 


05628 


32414 


42 






19 


13 28 


46 32 


67609 


94466 


73144 


26866 


05636 


32391 


41 




20 


8 13 20 


3 46 40 


9.67633 


9.94468 


9.73176 


10.26826 


10.06642 


10.32367 


40 




21 


13 12 


46 48 


67666 


94461 


73205 


26795 


06649 


32344 


39 






22 


13 4 


46 56 


67680 


94445 


73235 


26765 


05665 


32820 


38 






23 


12 56 


47 4 


67703 


94438 


73266 


26735 


05662 


32297 


37 






24 


12 48 


47 12 


67726 


9443] 


73295 


26705 


06569 


32274 


36 




25 


8 12 40 


3 47 20 


9.67760 


9.94424 


9.73326 


10.26674 


10.06676 


10.32260 


36 




26 


12 32 


47 28 


67773 


94417 


73356 


26644 


06683 


32227 


34 






27 


12 24 


47 36 


67796 


944 JO 


73386 


26614 


05690 


32204 


33 






28 


12 16 


47 44 


67820 


94404 


73416 


26584 


06696 


32180 


32 






29 


12 8 


47 62 


67843 


94397 


73446 


26664 


06603 


32157 


31 




30 


8 12 


3 48 


9.67866 


9.94390 


9.73476 


10.26624 


10.03610 


10.32134 


30 




31 


11 52 


48 8 


67890 


94383 


73507 


26493 


05617 


32110 


29 






32 


11 44 


48 16 


67913 


94376 


73537 


26463 


05624 


32087 


28 






33 


11 36 


48 24 


67936 


94369 


73667 


26433 


05631 


32064 


27 






34 


11 28 


48 32 


67959 


94362 


73597 


26403 


06638 


32041 


26 




35 


8 11 20 


3 48 40 


9.67982 


9.94356 


9.73627 


10.26373 


10.05646 


10.32018 


26 




36 


11 12 


48 48 


68006 


94349 


73667 


26343 


05661 


31994 


24 






37 


11 4 


48 56 


68029 


94342 


73687 


26313 


06668 


31971 


23 






38 


10 56 


49 4 


68052 


94336 


73717 


26283 


06665 


31948 


22 






39 


10 48 


49 12 


68076 


94328 


73747 


26263 


05672 


31926 


21 




40 


8 10 40 


3 49 20 


9.68098 


9.94321 


9.73777 


10.26223 


10.05679 


10.31902 


20 




41 


10 32 


49 28 


68121 


94314 


73807 


^6193 


05686 


31879 


19 






42 


10 24 


49 36 


68144 


94307 


73837 


26163 


05693 


31866 


18 






43 


10 16 


49 44 


68167 


94300 


73867 


26133 


. 05700 


31833 


17 




: 


44 


10 8 


49 52 


68190 


94293 


73897 


26103 


05707 


31810 


16 




45 


8 10 


3 60 


9.68213 


9.94286 


9.73927 


10.26073 


10.05714 


10.31787 


16 




46 


9 52 


60 8 


68237 


94279 


73957 


26043 


06721 


31763 


14 






47 


9 44 


50 16 


68260 


94273 


78987 


26013 


06727 


31740 


13 






48 


9 36 


60 24 


68283 


94266 


74017 


26983 


06734 


31717 


12 






49 


9 28 


50 32 


68306 


94259 


74047 


25953 


05741 


31696 


11 




50 


8 9 20 


3 50 40 


9.68328 


9.94262 


9.74077 


10.26923 


10.05748 


10.31672 


10 




51 


9 12 


50 48 


68351 


94245 


74107 


26893 


06756 


. 31649 


9 






52 


9 4 


60 56 


68374 


94238 


74137 


26863 


05762 


31626 


8 






53 1 8 56 


51 4 


68397 


94231 


74166 


25834 


06769 


31603 


7 






64 , 8 48 


51 12 


68420 


94224 


74196 


25804 


06776 


31580 


6 




55 


8 8 40 


3 51 20 


9.68443 


9.94217 


9.74226 


10.25774 


10.05783 


10.31667 


6 




56 


8 32 


51 28 


68466 


94210 


74256 


25744 


05790 


31634 


4 






57 


8 24 


51 36 


68489 


94203 


74286 


25714 


. 05797 


31611 


S 






58 


8 16 


51 44. 


68512 


94196 


74316 


26684 


05804 


31488 


2 






59 


8 8 


61 62 


68634 


' 94189 


74345 


26655 


05811 


31466 


1 




 


60 


8 


52 


68557 


94182 


7-1375 


26625 


06818 31443 







♦* 


M Hourp.M. 


HoarA.M. 


Co-sine. 


Sine. ' Co-tang. 


Tan^ent.lCo-secantl Secant. 


M 



U8D«-s. 



Pegs. 61, 





9 


■li-ri^/ 


• 
• 

* • 


. ,\ 




1 




r : 


- 




29 D( 

"M 


\\ll)'c ^- 

^ Log. sine., T«.ge«t. ««1 Sec«,t,. | ^ ,^^^- ^ 


/^ 


HourA.x. 


Hourp.if. 


Sine. 


Co-sine. 


Tangent. 


Co-tang. 1 Secant. 


Co-teeaat M r 









8 8 


3 62 


9.68667 


9.94182 


9.74376 


10.26626110.06818 


10.31443 


60 






1 


7 62 


FA 8 


68680 


94175 


74406 


266961 06825 


31420 


59 








7 44 


.2 16 


68603 


94168 


74436 


26665. 06832 


31397 


6ft 






3 


7 36 


6"^ "4 


68625 


94161 


74466 


26635 


06839 


31375 


57 






4 

6 


7 28 


62 32 


68648 


94164 


74494 


26606 


06846 


31352 


66 






8 '' 7 20 


3 62 40 


9.68671 


9.94147 


9.74624 


10.25476 


10.05863 


10.3132v 


55 




6 


7 12 


62 48 


68694 


94140 


74664 


26446 


06860 


31306 


54 






7 


7 4 


62 56 


68716 


94133 


74683 


26417 


06867 


31284 


58 






8 


6 fi6 


68 4 


66739 


94126 


74613 


26387 


06874 


31261 


62 






9* 
10 


6 48 


63 12 


68762 


94119 


74643 


26367 


06881 


31238 


51 






8 6 40 


3 53 20 


9.68784 


9.94112 


9.74673 


10.26327 


10.05888 


10.31216 


50 




11 


6 32 


68 28 


68807 


94105 


74702 


26298 


06895 


31193 


49 






12 


6 24 


63 36 


68829 


94098 


74732 


26268 


06902 


311171 


48 






13 


6 16 


63 44 


68862 


94090 


74762 


26238 


06910 


3U48 


47 




' 


14 


6 8 


6»62 


68875 


94083 


74791 


26209 


05917 


31126 


46 




1 


15 


8 6 


3 64 


9.68897 


9.94076 


9.74821 


10.26179 


10.05924 


10.31103 


45 




16 


6 52 


64 8 


68920 


94069 


74851 


25149 


06931 


31080 


44 






17 


5 44 


64 16 


68942 


94062 


74880 


25120 


06938 


31058 


43 






18 


6 36 


64 24 


68965 


94055 


74910 


26090 


06945 


31036 


42 






19 


6 28 


64 32 


68987 


94048 


74939 


26061 


05952 


31013 


41 






20 


8 5 20 


3 64 40 


9.69010 


9.94041 


9.74969 


10.25031 


10.05959 


10.30990 


40 




21 


5 12 


64 48 


69032 


94034 


74998 


26002 


05966 


30968 


39 






22 


fr 4 


64 66 


69055 


94027 


76028 


24972 


06973 


30945 


38 






23 


4 56 


66 4 


69077 


94020 


75058 


24942 


. 05980 


30923 


37 






24 


4 48 


66 12 


69100 


94012 


75087 


24913 


05988 


30900 


36 






25 


8 4 40 


3 66 20 


9.69122 


9.94005 


9.75117 


10.24883 


10.05995 


10.30878 


36 




2() 


4 32 


66 28 


69144 


93998 


76146 


24854 


06002 


30856 


34 






27 


4 24 


&S 36 


69167 


93991 


76176 


24824 


06009 


30833 


33 






28 


4 16 


66 44 


69189 


93984 


76205 


24795 


06016 


30811 


32 






29 


4 8 


56 62 


69212 


93977 


75236 


24765 


06U23 


30788 


31 






30 


8 4 


3 56 


9.69234 


9.93970 


9.75264 


10.24736 


10.06030 


10.30766 


30 




31 


3 52 


66 8 


69256 


93963 


75294 


24706 


06037 


30744 


29 






32 


3 44 


66 16 


69279 


93955 


75323 


24677 


06045 


30721 


28 






33 


3 36 


66 24 


69301 


93948 


75353 


24647 


06052 


30699 


27 






34 
35 


3 28 


66 32 


69323 


93941 


76382 


24618 


06069 


30677 


26 






8 3 20 


3 66 40 


9.69345 


9.93934 


9.75411 


10.24689 


10.06066 


10.30655 


25 




36 


3 12 


66 48 


69368 


93927 


76441 


24659 


06073 


30632 


24 






37 


3 4 


66 66 


69390 


93920 


76470 


24630 


06080 


30610 


23 






38 


2 56 


67 4 


69412 


93912 


75600 


24600 


06088 


30688 


22 






39 


2 48 


67 12 


69434 


93905 


76529 


24471 


06095 


30566 


21 






40 


8 2 40 


3 67 20 


9.69456 


9.93898 


9.75668 


10.24442 


10.06102 


10.30544 


20 




4i 


2 32 


67 28 


69479 


93891 


75588 


24412 


06109 


30521 


19 




* 


42 


2 24 


67 36 


69501 


93684 


75617 


24383 


06116 


30499 


18 






43 


2 16 


67 44 


69523 


93676 


75647 


24363 


06124 


30477 


17 






44 


2 8 


67 62 


69545 


93669 


75676 


24324 


06131 


30455 


16 






45 


8 2 


3 58 


9.69567 


9.93862 


9.75705 


10.24296 


10.06138 


10.30433 


15 




46 


1 52 


68 8 


69589 


93855 


75735 


24265 


06145 


30411 


14 






47 


t 44 


68 16 


69611 


93847 


75764 


24236 


06153 


30389 


13 






48 


I 36 


68 24 


69633 


93840 


75793 


24207 


06160 


30367 


12 






49 
50 


1 28 


68 32 


69655 


93833 


75822 


24178 


06167 


30345 


11 






8 1 20 


3 58 40 


9.69677 


9.93826 


9.75852 


10.24148 


10.06174 


10.30323 


10 




51 


1 12 


58 48 


69699 


93819 


75881 


24119 


06181 


30301 


9 






62 


1 4 


68 56 


69721 


93811 


75910 


24090 


06189 


3020^9 


8 






53 


56 


69 4 


69743 


93804 


75939 


24061 


06196 


30257 


7 






54 


48 


69 12 


69765 


93797 


75969 


24031 


06203 


30235 


6 




• 


55 


8 40 


3 69 20 


9.69787 


g. 93789 


9.75998 


10.24002 


10.06211 


10.30213 


5 




56 


32 


69 28 


69809 


93782 


76027 


23973 


06218 


30191' 


4 




' 


57 


24 


69 36 


69831 


93775 


76056 


23944 


06225 


30169 


3 






58 


16 


69 44 


69853 


93768 


76086 


23914 


06232 


30147 


2 






59 


8 


69 62 


69875 


93760 


76115 


23885 


06240 


30125 


1 






60 





4 


69897 


93763 


76144 


23866 


06247 


30103 









M 


Hourp.if. 


HourA.M. 


Co-sin^. 


Sine. 


Co-taag. 1 Tangent.l Co-sQcantl Secant. 


M 





not^egs. 









Log. Sines, Tangents and Secants. 






30] 


Degs. 


Dogs. 149. 


M 




HourA.H. 


Hoiirp.«. 


Sine. 1 


Co-sine. 


Tangent 


Co>tang. 


Secant. 


Co-Mcant 


M 


8 


4 9.698971 


9.93753I 


9.76144 


10.23866 


10.06247 


10.30103 


60 


1 


7 59 52 


8 


69919 


93746 


76173 


23827 


06264 


30081 


69 


t 


59 44 


16 


69941 


93738 


76202 


23798 


06262 


30059 


68 


3 


59 36 


24 


69963 


93731 


76231 


23769 


06269 


30037 


67 


4 


59 28 


32 

* 


69984 


93724 


76261 


23739 


06276 


30016 


56 


5 


7 59 20 


4 040 


9.70006 


9.93717 


9.76290 


10.23710 


10.06283 


10.29994 


66 


6 


59 12 


48 


70028 


93709 


76819 


23681 


06291 


29972 


64 


7 


59 4 


56 


70050 


93702 


76348 


23652 


06298 


29950 


63 


8 


58 56 


1 4 


70072 


93695 


76377 


23623 


06306 


29928 


62 


9 


58 48 


1 12 


70093 


93687 


76406 


23694 


06313 


29907 


61 


10 


7 58 40 


4 1 20 


9.70116 


9.93680 


9.76436 


10.23666 


10.06320 


10.29885 


50 


11 


58 32 


1 28 


70137 


93673 


76464 


23536 


06327 


29863 


49 


12 


58 24 


1 36 


70159 


93665 


76493 


23607 


06336 


29841 


48 


13 


58 16 


1 44 


70180 


93658 


76522 


23478 


06342 


29820 


47 


14 


58 8 


1 52 


70202 


93650 


76561 


23449 


06350 


29798 


46 


16 


7 58 


4 2 


9.70224 


9.93643 


9.76580 


10.23420 


10.06357 


10.29776 


45 


16 


57 52 


2 8 


70245 


93636 


76609 


23391 


06364 


29766 


44 


17 


57 44 


2 16 


70267 


93628 


76639 


23361 


06372 


29733 


43 


18 


57 36 


2 24 


70288 


93621 


76668 


23332 


06379 


29712 


42 


19 


57 28 


2 32 


70310 


93614 


76697 


23303 


06386 


29690 


41 


20 


7 57 20 


4 2 40 


9.70332 


9.93606 


9.76725 


10.23276 


10.06394 


10.29668 


40 


21 


57 12 


2 48 


70363 


93599 


76754 


23246 


06401 


29647 


39 


22 


57 4 


2 66 


70375 


93591 


76783 


23217 


06409 


29626 


38 


23 


56 56 


3 4 


70396 


93584 


76812 


23188 


0641^ 


29604 


37 


24 


56 48 


3 12 


70418 


93577 


76841 


23159 


06423 


29582 


36 


25 


7 56 40 


4 3 20 


9.70439 


9.93569 


9.76870 


10.23130 


10.06431 


10.29561 


35 


26 


56 32 


3 28 


70461 


93662 


76899 


23101 


06438 


29539 


34 


27 


56 24 


3 36 


70482 


93564 


76928 


23072 


06446 


29618 


33 


28 


56 16 


3 44 


70^ 


93547 


76957 


23043 


06453 


29496 


32 


29 


56 8 


3 52 


70626 


93539 


76986 


23014 


06461 


29476 


31 


SO 


7 56 


4 4 


9.70647 


9.93532 


9.77015 


10.22986 


10.06468 


10.29463 


30 


31 


55 52 


4 8 


70568 


93525 


77044 


22956 


06475 


294a2 


29 


32 


65 44 


4 16 


70690 


93517 


77073 


22927 


06483 


29410 


28 


33 


65 36 


4 24 


70611 


93510 


77101 


22899 


06490 


29389 


27 


34 


65 28 


4 32 


70633 


93502 


77130 


22870 


06498 


29367 


26 


35 


7 56 20 


4 4 40 


9.70654 


9.93495 


9.77159 


10.22841 


10.06505 


10.29346 


25 


36 


66 12 


4 48 


70676 


93487 


77188 


22812 


06613 


29326 


24 


37 


66 4 


4 66 


70697 


93480 


772^ 


22783 


06520 


29303 


28 


38 


54 56 


6 4 


70718 


93472 


77246 


22754 


06528 


29282 


22 


39 


54 48 


5 12 


70739 


93465 


77274 


22726 


06635 


29261 


21 


40 


7 64 40 


4 6 20 


9.70761 


9.93457 


9.77303 


10.22697 


10.06543 


10.29239 


20 


41 


64 32 


6 28 


70782 


93450 


77332 


22668 


06660 


29218 


19 


42 


64 24 


6 36 


70803 


93442 


77361 


22639 


06668 


29197 


18 . 


43 


64 16 


6 44 


70824 


93435 


77390 


22610 


06666 


29176 


17 


44 


54 8 


6 62 


70846 


93427 


77418 


22582 


06673 


29164 


16 


45 


7 54 


4 6 


9.70867 


9.93420 


9.77447 


10.22653 


10.06580 


10.29133 


15 


46 


53 62 


6 8 


•^0888 


93412 


77476 


22524 


06688 


29112 


14 


47 


63 44 


6 16 


70909 


93405 


77505 


22495 


06595 


29091 


13 


48 


53 36 


6 24 


70931 


93397 


77533 


22467 


06603 


29069 


12 


49 


53 28 


6 32 

• 


70962 


93390 


77662 


22438 


06610 


29048 


11 


50 


7 53 20 


4 6 40 


9.70973 


9.93382 


9.77691 


10.22409 


10.06618 


10.29027 


10 


51 


63 12 


6 48 


70994 


93375 


77619 


22381 


C6626 


29006 


9 


52 


53 4 


6 56 


71015 


93367 


77648 


22352 


C6633 


28985 


8 


53 


62 66 


7 4 


71036 


93360 


77677 


22323 


06640 


28964 


7 


54 


52 48 


7 12 


71058 


93352 


77706 


22294 


G6648 


28942 


6 


55 


7 52 40 


4 7 20 


9.71079 


9.93344 


ii. 77734 


10.22266 


10. C6656 


10.28921 


6 


56 


62 32 


7 28 


71100 


93337 


77763 


22237 


06663 


28900 


4 


57 


52 24 


7 36 


71121 93329 


77791 


22209 


06671 


28879 


3 


58 


52 16 


7 44 


71142 93322 


77820 


22180 


06678 


28868 


2 


59 


52 8 


7 52 


71163 98314 


77849 


22151 


(6686 


2883T 


1 


60 


62 


8 


71184 93307 


77877 


22123 


06693 


28816 


M 


HoOTP.Bf. 


HooTA.if.l Co-sme. | Sine. 


Co-tang. 


Tangent. Co-wcant 


Secant. M 



DegB. 69 



31 



Pegg. 



Log. SioeSy I'aiigeiUs aiid Secants. 



M HoiirA.if. 




1 

2 
3 

4 



5 
6 

7 
8 
9 



10 
U 
12 
13 
14 



15 
16 
17 
18 
19 



20 
21 

22 
23 
24 



25 
26 
27 
28 
29 



30 
31 

32 
33 
34 



35 
36 
37 
38 
39 



40 
41 

42 
43 
44 



45 
46 
47 
48 
49 



7 as 

51 62 
51 44 

51 36 
61 28 



7 61 20 
51 12 
51 4 

50 56 
50 48 



7 50 40 
50 32 
50 24 
50 16 
50 8 



50 
61 

52 
53 
54 



50 
49 52 
49 44 

49 36 

49 281 



HoiirF.it. 







8 
8 
8 16 
8 24 
8 32 



8 401 
8 48 

8 5C 

9 4 
9 12 



9 20 
9 28 
9 36 
9 44 
9 52 



10 
10 8 
10 16 
10 24 
10 32 



49 20 
49 12 
49 4 
48 56 
48 48 



7 48 40 
48 32 
48 24 
48 
48 



16 

8 



48 
47 52 
47 44 
47 36 
47 28 



47 20, 
47 12 
47 4 
46 56 
46 48 



46 40 
46 32 
46 24 
46 16 
46 8 



7 46 
45 52 
45 44 
45 36 
45 28 



55 

56 
67 
53 
59 
60 



7 45 20 
45 12 
45 4 
44 56 
4i 48 



7 44 40 
44 32 
44 24 
44 IG 
44 8 
44 



_,_ 



M iHourp.M. 



10 40 
10 48 

10 56 

11 4 
11 12 



11 20 

U 28 

11 36 

11 44 

11 52 



12 
12 8 
12 16 
12 24 
12 32 



12 40 
12 48 

12 56 

13 4 
13 12 



13 20 
13 28 
13 36 
13 44 
13 52 



14> 
14 
14 16 
14 24 
14 3t 



14 40 
14 48 

14 56 

15 4 
15 12 



15 20 
15 28 
15 36 
15 44 

15 521 

16 



Sine, i Co-sine. 



9.71184 
71205 
71226 
71247 
71268 



9.71289 
71310 
71331 
71352 
71373 



9.71393 
71414 
71436 
71456 
71477 



9.71498 
71519 
71539 
71560 
71581 



9.71602 
71622 
71643 
71664 
71685 



9.71705 
71726 
71747 
71767 
71788 



9.71809 
71829 
71850 
71870 
71891 



.71911 
71932 
71962 
71973 
71994 



9.72014 
72034 
72055 
72075 
72096 



9.72116 
72137 
72167 
72177 
72198 



9.72218 
72238 
72259 
72279 
72299 



9.93307 
93299 
93291 
93284 
93276 



9.932G9 
93261 
93253 
93246 
93238 



Tangent. 



9.77877 
77906 
77935 
77903 

77992 



Co-taog. Secant. 



Peg. 148 






10.22123110.06693 



9.78020 
78049 

 78077 
78106 
78135 



22094] 
22066 
22037 
22008 



9.93230 
93223 
93215 

' 93207 
93200 



9.93192 
r.3184 
93177 
931691 
93161 



9.93154 
93146 
93138 
98131 
93123 



9.93115 
93108 
93100 
93092 
93084 



9.93077 
930691 
93061 
93053 
93046 



9.93038 
93030 
93022 
93014 
93007 



9.92999 
92991 
92983 
92976 
92969 



9.92960 
92952 
92944 
92936 
92929 



9.92921 
92913 
92906 
92897 
92889 



9.72320 
72S40 
723i80 
72381 
72401 
72421 



9.92881 
92874 
92866 
92858 
92860 
928421 



 '  «   ' ■■-  ■« II.    
HourA.M.i Corsine..' Sine. 



9.78163 

 78192 

7822Q 

78249 

70277 



9.78306 
78334 
78363 
78391 
78419 



9.78448 
78476 
78505 
78533 
78562 



9.78590 
78618 
78647 
78675 
78704 



9.78732 
78760 
78789 
78817 
78846 



9.78874 
78902 
78930 
78969 
78987 



9.79015 
79043 
79072 
79100 
79128 



9.79166 
79185 
79213 
79241 
79269 



9.79297 
79326 
79364 
79382 
79410 



9.79438 
79466 
79496 
79523 
79651 
79579 



Co-taiig. 



10.21980 
21951 
1^1923 
21894 
21866 



10.21837 
21808 
21780 
2175! 
21723 



10.21694 
216G6 
21637 
^1609 
21581 



10.21552 
21524 
21495 
21467 
21438 



10.21410 
21382 
21353 
21325 
21296 



10.21268 
21240 
21211 
21183 
21166 



.o-accant 



06701 
06709 
06716 
067241 



10.06731 
06739 
06747 
06754 
06762 



10.06770 
06777 
06786 
06793 
06800 



10.06808 
06816 
06823 
06831 
06839 



10 



.06846 
06854 
06862 
06869 
06877 



10 



.06885 
06892 
06900 
06908 
06916 



10.06923 

06931 

069391 

06947 

069541 



10.21126 10 
21098 
21070 
21041 
21018 

10.20985^10 

20957; 

2092^ 

20900 

20872 



.06962 
069701 
06978 
06986 
06993 



10.20844 
20816 
20787 
20769 
20731 



10.20703 
20674 
20646 
20618 
20690 



10.20562 
20534 
20505 
20477 
20449{ 
20421 



Tangent. 



.07001 
070091 
07017 
07024 
07032 



10.07040 
07048 
07066 
07064 
07071 



10.07119 
07126 
07134 
07142 
07150 
07158 



Co'Secant 



10.28816 
$8795 
28774 
28753 
28732 



10.28711 
28690 
S8669 
28648 
28627 



10 



.28607 
28586 
28665 
28544 
28523 



TT 



60 
69 
58 
57 
66 



65 
64 

63 

62 
61 



60 
49 
48 
47 
46 



10.28502 
28481 
28461 
28440 
28419 



10.28398 
28378 
28357 
28336 
28315 



iti. 28295 
28274 
28253 
28233 
28212 



10.28191 
28171 
28160 
28130 
S8I09 



10.28089 
28068 
28048 
28027 
28006 



10.27986 
27966 
2794S 
27925 
27904 



10.27884 
27863 
27843 
27823 
27802 



10.0707910.27782 
07087 27762 
07096 27741' 
07103 27721 
07111 27701 



46 
44 

43 
42 
41 



40 
39 
38 
37 
36 



35 
34 
33 
32 
31 



30 
29 
28 
27 
26 



25 
24 
23 
22 
21 



20 
19 
18 
17 
16 



15 
14 
13 
12 
11 



10 
9 
8 
7 
6 



10.27680 
27660 
27640 
27619 
27699 
27679 



Secant. 



6 
4 
3 
2 
1 




M 



V:i Degs. 



Ue;;«. 58. 



8 



■• »- 



A 



8^ Peg y 



Log. Sines, Tangents and Secants. 



Pegs. 147. 



M 




1 

t 
3 

4 



6 
6 
7 
8 
9 



10 
11 
12 
13 
14 



15 
16 
17 
18 
19 



20 
21 
22 
23 

24 



25 
26 
27 
28 
39 



30 
31 
32 
33 
84 



35 
36 
37 
38 
39 



40 
41 
42 
43 
44 



45 
46 
47 
48 
49 



50 
51 
52 
53 
54 



55 
56 
57 
58 
69 
60 



M 



HourA.H.lHourp.ii. 



7 44 

43 
43 
43 
43 




52 
44 

36 
38 



7 43 
43 
43 

42 

42 



20 
12 

4 
56 
48 



7 42 
42 
42 
42 
42 



40 
32 
24 
16 
8 



7 42 
41 
41 
41 
41 




52 
44 

36 
28 



7 41 
41 
41 
40 
40 



20 
12 
4 
56 
48 



7 40 
40 
40 
40 
40 



40 
32 
24 
16 
8 



7 40 
39 
39 
39 
39 




52 
44 

36 

28 



7 39 
39 
39 
38 
38 



20 

12 

4 

56 
48 



7 38 
38 
38 
38 
38 



40 
32 
24 
16 
8 



7 38 
37 
37 
37 
37 




52 
44 

36 

28 



7 37 
37 
37 
36 
36 



20 
12 

4 
56 
48 



7 36 
36 
36 
36 
36 
36 



40 
32 
34 
16 
8 




16 
16 
16 16 
16 24 
16 32 



16 40 
16 48 

16 56 

17 4 
17 12 



17 20 
17 28 
17 36 
17 44 
17 52 



18 
18 
18 16 
18 34 
18 32 



18 40 
18 48 
18 56 



19 
19 



4 

12 



19 20 
19 28 
19 36 
19 44 
19 52 



20 
20 
SO 16 
20 34 
20 32 



20 40 
20 48 

20 56 

21 4 
21 12 



4 21 20i 
21 28 
21 36 
21 44 
21 52 



4 22 

22 
22 16 
22 24 
2-2 32 



4 22 40 
22 48 
22 
23 
23 



56 

4 

12 



Sine. 



9.72421 

' 72441 

72461 

72482 

72502 



9.72522 
72542 
72562 
72582 
72602 



9.72622 
72643 
72663 
72683 
72703 



Co-fine. 



9.92843 
92834 
92826 
92818 
92810 



9.92803 
92795 
92787 
92779 
92771 



9.92763 
92756 
92747 
92739 
92731 



9.72723 
72743' 
72763 
72783 
73803 



9.72823 
72843 



72883 
72902 



9.92723 
92715 
92707 
92699 
92691 



9.92683 
92675 



72863 92667 



9.72922 
72942 
72962 
72982 
73002 



9.73022 
73041 
73061 
73081 
73101 



9.73121 
73140 
73160 
73180 
73200 



9.73219 
73239 
73259 
73278 
73298 



9.73318 
73337 
73357 
73377 
73396 



23 20 
23 28 
23 36 
33 44 

33 52 

34 



Hourr.H. Uourx.M. 



9.73416 
73435 
73455 
73474 
73494 



9.73513 
73533 
73552 
73572 
73591 
73611 



92659 
92651 



9.92643 
92635 
92627 
92619 
92611 



9.92603 
92595 
92687 
92579 
92571 



9.925631 
92555 
92546 
92538 
92630 



9.92522 
92514 
92506 
92498 
92490 



9.92482 
92473 
92465 
92457 
92449 



9.92441 
92433 
92425 
92416 
92408 



Co-sine. 



9.92400 
92392 
92384 
92376 
92367 
92359 



inVegh 



Sine. 



Tangent. 



9.79679 
79607 
79635 
79663 
79691 



9.79lri9 
79747 
79776 
79804 
79832 



1T7986010. 
79888 
7991C 
79944 
79972 



9.80000 
80028 
80056 
800841 
80112 



9.80140 
80168 
80195 
80223 
80251 



9.80279 
80307 
80335 
80363 
80391 



9.80419 
80447 
80474 
80502 
80530 



9.80558 
80586 
80614 
80642 
80669 



9.80697 
80725 
80753 
80781 
80808 



9. 80836 
80864 
80892 
80919 
80947 



9.80975 
81003 
81030 
81058 
81086 



9.81113 
81141 
81169 
81196 
81224 
812521 



Co'tang. 



Co-tang.) Secant Co-secant 



10.20421 
20393J 
20365 
30337 
30309 



10 



.30381 
20353 
30224 
20196 
30168 



30140 
20112 
20084 
20056 
20028 



10 



20000 
9972 
9944 
9916 
9888 



10. 



10. 



10. 



10. 



10. 



10. 



10. 



10. 



9860 
9832 
9805 
9777 
9749 



9721 
9693 
9665 
9637 
9609 



9581 
9553 
9526 
9498 
9470 



9442 
9414 
9386 
9358 
9331 



9303 
9275 
9247 
9219 
9192 



9164 
9136 
9108 
9081 
9053 



90^ 
8997 
8970 
8942 
8914 



Tangent. 



10.07158 
07166 
07174 
07182 
07190 



10.07197 
07205 
07213 
07221 
07339 



10.07237 
07245 
07253 
07261 
07269 



10.0^277 
07285 
07293 
07301 
073091 



10. 07317 
07325 
07333 
07341 
07349 



10.07357 
07365 
07373 
07381 
07389 



10.07397 
07406 
07413 
07421 

07429 



10.07437 
07445 
07454 
07462 
07470 



10.07478 
07486 

. 07494 
07502 
07510 



10.07518 
07527 
07535 
07543 
07551 



10 



.27579 
27559 
27539t 
27518 
27498 



10 



.274781 
27458 
27438 
27418 
27398 



10. 



27378 
27367 
27337 
27317 
27297 



10. 



27277 
27257 
27337 
27317 
1^197 



10 



,27177 
27157 
27137 
27117 
27098 



10 



,27078 
27058 
37038 
37018 
36998 



10 



,26978 
26959 
26939 
26919 
26899 



10 



.26379 
26860 
26840 
26820 
26800 



10.26781 
26761 
26741 
26722 
36702 



10 



.26682 
26663 
26643 
26623 
26604 



10,07559 
07567 
07576 
07584 
07592 



10 



.26584 
26565 
26545 
26526 
26506 



888710.07600110.26487 
8859 07608 26467 
8831 07616 26448 
8804 076241 364S8 
8776 07633 36409 
8748 07641 26389 



M 



60 
69 
58 
57 
56 



55 
54 
53 
52 
.51 



50 
49 
48 
47 
46 



45 
44 

43 

42 
41 



40 
39 
38 
37 
36 



35 
34 
33 
32 
31 



30 
29 
28 
27 
26 



25 
24 
23 
22 
21 



20 
19 
18 
17 
16 



15 
14 
13 
12 
11 



10 
9 
8 

7 
6 



5 
4 

3 
2 
1 




Co-secani Secant. J M 
! ' Pegs. 57. 



M 



Loj;. Sinety Tuigento and SecanU. 

HodrA.ii.(Hoarp.ii.t Sine. ) Condne. 



33Dgff 




1 

2 
3 

4 



5 
6 
7 
8 
9 



7 36 
35 
35 
35 
35 



4 24 

52i 24 



0| 9.736111 9.92369 
81 73630 92351 



Tangent. 



44 
36 
28 



10 
U 
12 
13 
14 



15 
16 
17 
18 
19 



20 
21 
22 
23 

24 



27 

28 
29 



SO 
31 
32 
33 
34 



35 
36 
37 
38 

39 



40 
41 



43 

44 



45 

46 
47 

48 
49 



50 
51 
52 
53 
54 



55 
56 
57 
58 
59 
60 



35 
35 
35 
34 
34 



20 
12 

4 
56 
481 



7 34 
34 
34 

34 

34 



40 
32 
24 
16 
8 



34 
33 
33 
33 
33 




52 
44 
36 

28 



33 
33 
33 

32 
32 



20 
12 

4 
66 
48 



26 7 32 
26 32 



32 
32 
32 



401 
32 
24 
16 
8 



7 32 
31 
31 
31 
31 




52 
44 
36 
28 



31 
31 
31 
30 
30 



20 

12 

4 

56 
48 



30 
30 
30 
30 
SO 



40 
32 
24 
16 
8 



30 
29 
29 
29 
29 





52 
44 
36 
28 



29 
29 
29 
28 
28 



20 
12 

4 
56 
48 



7 28 
28 
28 
28 
28 
28 



M Ifaoa 
123 bep. 



40 
32 
24 
16 
8 




oarF.H. 



24 16 

24 24 
24 32 



4 24 40 
24 48 

24 56 

25 4 
25 12 



4 25 20 
25 28 

25 36 

26 44 
25 52 



4 26 
26 8 
26 16 
26 24 
26 32 



4 26 40 
26 48 

26 56 

27 4 
27 12 



4 27 20 
27 28 
27 36 
27 44 

27 62 



4 28 
28 8 
28 16 
28 24 
28 32 



73650 
73669 
73689 



9.73708 
73727 
73747 
73766 
73785 



9.73805 
73824 
73843 

. 73863 
73882 



9.73901 
73921 
73940 

73959 
73978 



9.73997 
74017 
74036 
74055 
74074 



9.74093 
74113) 
74132 
74161 
74170 



9.74189 
74208 
74227 
74246 
74265 



92343 
92336 
92326 



9.81252 
81279 
81307 
81336 
81362 



C<Htang. 



10. 



9.92318 
92310 
92302 
92293 
92285 



9.92277 
92269 
92260 
92262 
92244 



9.92235 
92227 
92219 
92211 
92202 



9.92194 
92186 
92177 
92169 
92161 



9.92152 
92144 
92136 

92127 
92119 



4 28 401 
28 48 

28 56 

29 4 
29 12 



4 29 20 
29 28 
29 36 
29 44 
29 52 



4 30 
30 8 
80 16 
30 24 
30 32 



4 ^ 40 
30 48 

30 56 

31 4 
31 12 



4 31 20 
31 28 
31 36 
31 44 

31 52 

32 



HOUTA.M. 



9.74284 
74303 
74322 
74341 
743601 



9.74379 
74398 
74417 
74436 
744551 



9.74474 
74493 
74612 
74531 
74549 



9.74568 
74587 
74606 
74625 
74644 



9.74662 
74681 
74700 
74719 
74737 
74756 



9.92111 
92102 
92094 
92086 
92077 



9.92069 
92060 
92052 
92044 
92035 



9.92027 
92018 
92010 
92002 
91993 



9.91985 
91976 
91968 
91959 
91951 



9.91942 
91934 
91925 
91917 
91908 



9.91900 
91891 
91883 
91874 
91866 

^ 91857^ 



C(hsine. Shie. Co:tiui& 



9.81390 
81418 
81445 
81473 
81500 



9.81528 
81556 
81583 
81611 
81638 



9.81666 
81693 
81721 
81748 
81776 



9.81803 
81881 
81858 
81886 
81913 



9.81941 
81968 
81996 
82023 
82051 



9.82078 
82106 
82133 
82161 
82188 



9.82215 
82243 
82270 
82298 
82325 



9.82352 
82380 
82407 
82435 
82462 



9.82489 
82517 
82644 
82571 
82599 



9.82626 
82653 
82681 
82708 
82735 



9.82762 
82790 
82817 
828441 

. 82871 
82899 



10. 



10. 



10. 



10. 



10. 



10. 



10. 



10. 



10. 



10. 



It). 



8748 
8721 
8693 
8665 
8638 



Secant. 



Pegi. 146. 



6o'8orauit 



8610 
8582 
8555 
8527 
8500 



10.07641 
07649 
07657 
07665 
07674 



10.07682 
07690 
07698 
07707 
07715 



8472 
8444 
8417 
8389 
8362 



83341 
8307 
8279 
8252 
8224 



8197 
8169 
8142 
8114 
8087 



8059 
8032 
8004 
7977 
7949 



7922 
7894 
7867 
7839 
7812 



7786 
7757 
7730 
7702 
7675 



7648 
7620 
7593 
7566 
7538 



7511 
7463 

7456 
7429 
7401 



7374 
7347 
7319 
7292 
7265 



7238 
7210 
7183 
7156 
7129 
7101 



Taggfjiit 



10.26389 
26370 
26350 
26331 
26311 



10.26292 
26273 
26253 
26234 
26215 



10.07723 
07731 
07740 
07748 
07756 



10.07765 
07773 
07781 
07789 
07798 



10.07806 
07814 
07823 
07831 
07839 



10.07848 
07866 
07864 
07873 
07881 



10.07889 
07898 
07906 
07914 
07923 



10.07931 
07940 
07948 
07956 
07965 



10.07973 
07982 
07990 
07998 
08007 



10.08015 
08024 
08032 
08041 
08049 



10.26195 
26176 
26157 
26137 
26118 



10.26099 
26079 
26060 
26041 
26022 



10.26003 
25983 
25964 
25946 
25926 



10.25907 
25887 
25868 
25849 
25830 



10.25811 
25792 
25773 
25754 
25735 



10.25716 
25697 
25678 
25659 
25640 



10.25621 
25602 
25583 
25564 
25545 



10.25526 
25607 
25488 
25469 
25451 



10.08058 
08066 
08075 
08083 
08092 

lo.osido 

08109 
08117 
08126 
08134 
08143 



10.25432 
25413 

2$394 
26375 
25356 



Co-secant 



10.25338 
25319 
25300 
25281 
252fi3| 
252441 



Secant. | M 



34 Pegs. 



• • • • 

Log. Sines, Tangents and SectfUts. 



Pegs. Ii5. 



M 





% 

t 

3 
4 



HourA.M 



7 28 
27 
27 
27 
27 





52 
44 
3G 
28 



5 
6 
7 
8 



15- 

U 

12 
15 
14 

15 
16 
17 
18 
19 



20 
21 
22 

23 
24 

25 
26 
27 
28 
29 



7 27 
27 
27 
2& 
26 



7 26 
26 
26 
26 
26 



20 
12 
4 
56 
48 

40 
32 
24 
16 
8 



HourP.M 



7 26 
25 



25 

25 




52 
44 
36 

2a 



7 25 

25 
25. 
24 
24 



7 24 
24 
24. 
24 
24 



20 
12 
4 
56 
48 

40 
32 
24 
16 
8 



30 
31 
32 
33 
34 

35 
36 
37 
38 
39 



40 
41 
42 
43 
44 



45 
46 
47 
'48 
49 



50 
51 
52 
53 
54 



55 
56 
57 

58 

'59 

«0 



I M 



7 24 
23 
23 



23 




52 
44 
36 

28 



7 23 
23 
23 

22 
22 



20 
12 
4 
56 
48 



7 22 
22 
22' 
22 
22 



40 
32 
24 
16 
8 



7 22 
21 
21 
21 
21 





52 
44 
36 
^8 



7 21 
21 
21 
20 

20 



7 20 
20 
20 
20 
20 
20 



20 

12 

4 

56 

48 

40 
32 
24 
16 
8 




32 
32' 
32 16 

32 24 
32 32 



4 32 40 
32 48 

32 56 

33 4 
33 12 



33 20 
33 28 
33 36 
33 44 
33 52 



Sine. 



9.74766 
74775 
74794 
74812 
74831 



9.74860 
74868 
74887 
74906 
74924 



Corsine. 



9.91867 
91849 
91840 
91832 
91823 



Tanscnt. 



Co-tang. 



9.82899 
82926 
82963 
02980 
83008 



9. '74943 
74961 
74980 
74999 
75017 







8 



4 34 

34 
34 16 
34 24 
34 32 



4 34 40 
34 48 

34 56 

35 4 
35 121 



35 20 
35 28 
35 36 
35 44 
35 52 



4 36 
36 8 
36 16 

36 24 
36 32 



36 40 
36 48 

36 56 

37 4 
37 12 



4 37 20 
37 28 
37 36 
37 44 
37 52 



4 38 
38 8 
38 16 
38 24 
38 32 



4 38 40 
38 48 

38 56 
39 

39 12 



4 39 20 
39 28 
39 36 
39 44 
39"" 52 

• 40 



9.7^036 
75054 
75073 
75091 
761J0 



9.76128 
75147 
75165 
751841 
76202 



9.76221 
76239 
76258 

• 75276 
75294 

9.76313 
75331 
75360 
75368 
76386 



9.75405 
75423 
7Q441 

, 76459 
75478 



9.75496 
76514 
75533 
76661 
755691 



9.75587 
76606 
76624 
75642 
75660 



9.75678 
75696 
75714 
76733 
75751 



9.75769 
75787 
75805 
75823 
75841 
76859 



9.91815 
91806 
91798 
917r;9 
91781 



9.91772 
91763 
91755 
91746 
91738 



9.91729 
91720 
91712 
91703 
91696 



9.91686 
91677 
91669 
91660 
91651 



9.91643 
91634 
91,625 
91617 
91608 



9.91599 
91591 
91582 
91573 
91565 



9.91566 
91647 
91538 
916301 
91621 



9.91512 
91504 
91496 

' 91486 
91477 



9.91469 
91460 
91461 
91442 
91433 



9.91426 
91416 
91407 
91398 
91389 



9.91381 
91372 
91363 
91364 
91345 
91336 



9.83036 
83062 
83039 
831 ]7t 
83144 



9.83171 
83198 
83225 
83252 
83280 



9.83307 
83334 
833«i 
83388 
8^15 



9.85442 
83470 
83497 
83624J 
83661 



9.83678 
83606 
83632 
83659 
83636 



9.83713 
83740 
83768 
83796 
83822 



9.83849 
83876 
83903 
83930 
83967 



9.83934 
8401fl 
840^8 
84065 
84092 



9.84119 
84146 
84173 
84200 
84227 



9.84254 
84280 
84307 
84334 
84361 



9.84388 
84415 
84442 
84469 
84496 
84523 



^^^■^^MgMi^a^B^W^^V^^a^iMMww^W^B^Ma^ *.<W*^^^^B^^a^^^» W^^^'^m^^i^i^^^^Kml^mt -^-^-^—^^-^^—-^^— ^^^^i^mma^a^i^m^am^mm ^™^^™ ^w^— ^^, 

Hoarp.M. HonrA.M. Corsine. Sine. Co-tang. Tangent. |Co-9ecam 



10.17101 
17074 
17047 
17020 
16992 



iO. 16965 
16938 
16911 
16883 
16856 



Secant 



10.08143 
08151 
08160 
08168 
08177 



10.16829 

16802 

16775 

16748 

. 1*720 



10.16693 
16666 
16639 
16612 
16585 



10 



10.1Q558 
16530 
16503 
16476 
16449 



10.16422 
16395 
16368 
16341 
16314 



10.16287 

16260 

16232 

.16205 

16178 



10.16151 
16124 
16097 
16070 
16043 



10.16016 
16989 
16962 
15936 
15908 



10.15881 
15854 
15827 
15800 
15773 



10.15746 
15720 
15693 
16666 
15639 



10.16612 
155851 
15558 
15531 
15504 
15477 



10. OS 185 

08194( 
08202 
08211 
08219 



10 



.08228 
08237 
08245 
08254 
08262 



: 08271 
08280 
0828 
08297 
08306 



Co-^ecant} M 

10.25244!'Ti5" 
252251 59 



25206 
25188 



25169 56 



10.25150 
25132 
25113 
25094 
25076 



10 



.26057 
25039 
25020 
25001 
249831 



10.0831410 
08323 
08331 
08340 
08349 



10.08357 
08366 
08375 
08383 
08392 



10 



.08401 
08409 
08418 
08427 
08435 



10 



.08444 
08453 
08462 
08470 
08479 



10 



.08488 
08496 
08605 
08614 
4>8623 



10 



08631 
08540 
08549 
08558 
08567 



10 



08675 
08684 
08593 
06602 
08611 



10 



.08619 
08628 
08637 
08646 
08655 
08664 



10 



.24964 
24946 
24927 
24909 42 
24890 41 



58 
57 



55 
54 
53 
52 
'51 



50 
49 
48 
47 
46 



45 
44 
43 



.24872 
24853 
S4836 
24816 
24798 



10 



40 
39 
38 
37 
36 



.2477 
24761 
24742 
24724 
24706 



10 



.24687 
24669 
24650 
2463^ 
24614 



10.24595 
24577 
24559 
24541 
24522] 



10.24504 
24486 
24467 
244491 
24431 



10 



.24413 

24395 
24376 
24358 
24340 



10 



24322 
24304 

242861 
24267 
24249 



10 



24231 
24213 
24195 
24177 
24159 
24141 



35 
34 
33 
32 
31 



30 

29 
28 
27 
26 



25 
24 
23 
22 
21 



20 
19 
18 
17 
16 



15 
14 
13 
12 
11 



10 
9 
8 

7 
6 



5 
4 
3 
2 
1 




124 De^p 



Secant. I M 
Degs. 55. 



35 Pegs 



Log. Sines, Tangents ana oecanto. 



M 




1 
2 
3 
4 



d 
6 
7 
8 
9 



10 
11 
12 
13 
14 



15 
16 
17 
18 
19 



20 

21 
22 
23 

24 



25 
26 
27 
28 
29 



30 
31 
32 
33 
34 



35 

36 
37 
38 
39 



40 
41 

42 
4(3 
44 



45 
46 
47 
48 
49 



50 
5'1 

58 
53 
54 



56 
56 
57 
58 
69 
60 



HourA.M.rHourp.M.| . Sine. 1 Ca-sin«. 



7 20 
9 
9 
9 




62 
44 

36 

28 



- 



atmi^^ 



20 
12 
4 
56 
48 



40 
32 
24 
16 
8 




62 
44 
36 

28 



20 

12 

4 

66 

48 



40 
32 
24 
16 
8 



01 
52 
44 
36 
28 



20 
12 
4 
56 
48 



m 

32 

24 

16 

8 




52 
44 

36 

28 



20 
12 

4 
66 

48 



2 
2 

A 

■«» 

2" 
2 



40 
32 
24 
16 
8 





4 40 
40 
40 
41 
41 



40 9.75949 
75967 
75986 
76003 
76021 



48 
56 



12 



4 41 
41 
41 
41 
41 



20 
28 
36 
44 
52 



4 42 
42 
42 
42 

42 



8 



0) 9.76129 
76146 
76164 
76182 
76200 



16 
24 
32 



4 42 



42 
43 
43 



401 
48 
56 
4 
12 



4 43 
43 
43 
43 
43 



201 
28 
36 
44 

52 



4 44 

44 
44 
44 
44 



01 

8 

16 

24 

32 



4 44 
44 
44 
45 
45 



40 
48 
66 
4 
12 



4 45 
45 
45 
45 
45 



20 

28 
36 
44 
52 



4 46 
46 
46 
46 
46 



01 

8 

16 

24 

32 



4 46 
46 
46 
47 
47 



40 
48 
56 
4 
12 



4 47 

47 

47 

47 

47' 

48 



20i 
^8 
36 
44 
52 




M Hourp.M.'HoiirA. 



9.75869 
76877 
76895 
76913 
75931 



9.76039 
76067 
76076 
76093 
76111 



9.76218 
76236 
76263 
76271 
76289 



9.76307 
76324 
76342 
76360 
76378 



9.76395 
76413 
76431 
76448 
76466 



9.76484 
76501 
76619 
76637 
76554 



9.76572 
76590 
76607 
76625 
76642 



9.766601 
76677 
76695 
76712 
76730 



9.76747 
76766 
76782 
76800 
76817 



9.76835 
76862 
76870 
76887 
76904 
76922 



CoHune. 



9.91336 



91628 84660 



91319 
91310 
91301 



9.91292 9.84657 



91283 
91274 
91266 
91257 



9.91248 
91239 
91230 
91221 
91212 



9.91203 
91194 
91186 
91176 

91167 



9.91168 
91149 
91141 
91132 
91123 



9.91114 

91106 
91096 
91087 
91078 



9.91069 

' 91060f 

91061 

91042 

.91033 



9.91023 
91014 
91005 
90996 
90987 



9.90978 
90969 
90960 
90951 
90942 



9.90933 
9Q924 
90915 
90906 
90896 



9.90887 
90878 
90869 
90860 
90iB51 



9.90842 
90832 
90823 
90814 
90805 
90796 



Tangent. 



Co-tang. I Secant. 



9.84623 



84676 
84603 
84630 



84684 
84711 
84738 
84764 



9.84791 
84818 
84845 
84872 
84899 



9.84925 
84962 
84979 
85006 
85033 



9.85059 
86086 
85113 
85140 
85166 



9.85193 
85220 
85247 
85273 
85300 



9.85327 
85354 
85380 
86407 
85434 



9.35460 
85487 
85514 
85640 
85567 



9.85694 
86620 
85647 
85674 
85700 



9.85727 
85764 
86780 
85^07 
85834 



9.86860 
85887 
85913 
85940 
85967 



9.85993 
86020 
86046. 
86673 
86100 
86126 



125 Ctegs. 



ISine. 



Co 



-tang. 



Pttgg. 144. 
Co-«ecapt| M 



10.15477110.08664 



16450 
15424 
15397 



15370 08699 



10.15343 
15316 
15S89 
16262 
15236 



10.15209 
15182 
15155 
15128 
15101 



10.15076 
15048] 
15021 
14994 
14967 



10.14941 

14914 

14B87 

14860< 

14834 



10.14807 
14780 
14753 
14727 
14700 



10.14673 
14646 
14620 
14593 
14566 



10.14540 
14513 
14486 
14460 
14433 



10.14406 
14380 
14353 
14326 
14300 



10.14273 
14246 
14220 
14193 
14166 



10.14140 
14113 
14087 
14060 
14033 



10.14007 
13980 
13954 
13927 
13900 
13874 



Tangent. 



0B672 
08681 

08fi90| 



10.08708 
06717! 
08726 
08734 
08743 



— »«- 



10.08752 ia.23961 



08761 
08770 
08779 
08788 



10.08797 
08806 
08815 
08824 
08833 



10.08842 
08851 
66859 
08868 
08877 



10.08886 
08895 
06904 
08913 
08922 



10.08931 
^8940 
08949 
08958 
08967 



10.08977110 
08986 
08996 
09004 
09013 



I0.24i41j 60 
24123 59 



S4106 
24087 
24069 



10.24051 
24033 
24015 
231997 
23979 



23943 
23925 
23907 
23889 



10.23871 
23854 
23836 
23818 
23800 



10.23782 
28764 
23747 
93729 
23711 



10.23693 35 
23676 34 
236581 33 
23640 32 
23622 31 



58 
67 
56 



55 

54 
53 
52 
51 



60 
49 

48 
47 

46 



45 
44 
43 

42 
41 



40 
39 
36 
3T 
36 



10.23605 
23587 
235691 
23562 
23634 



.235161 
23499 
23481 
23463 
23446 



SO 
29 
26 
27 

2S 



10.09022 
09031 
09040 
09049 
09068 



10 



10.09067 
09076 
09086 
09094 
09104 



10.09113 
09122 
09131 
09140 
09149 



10.09158 
09168 
09177 
09186 
09195 
09204 



Co-flecani 



28428 
28410 
23393 
23376 
28358 



10.23340 
23323 
23306 
23288 
23270 



10.232531 
23235 
23218 
23200 
23183 



10.23165 
23148 
23130 
23113 
2309G 
23078 



Secant. 



25 
24 
23 
22 
21 



20 

19 
18 
17 
16 



15 
14 
IS 
12 
11 



10 
9 
8 
7 
6 



5 
4 
3 
2 
1 




M 



n 



Kegs. 64. 











Log. Sin 


ttSy TftDMiits and Secantt 


1. 






86 Depf. Dcjgg. 145. 




M J 


fiodrA.M. 


Hoorp.M. 


Sine. 1 Co-fline. 


Tangent. Co-tan^.] Secant; | 


Co-secant| 


M 




o'l 


7 12 


4 48 


9.76922 


9.90796 


9.86126 


10.13874 10.09204 10.23078! 


60 1 




1 1 


11 52 


48 8 


76939 


90787 


86153 


13847 092131 


23061 


59 1 




s 


11 44 


48 16 


76957 


90777 


86179 


13821 


09223 


23043 


68 




5 


11 36 


48 24 


76974 


90768 


86206 


13794 


09232 


23026 


57 




4 


11 28 


48 32 


76991 


90759 


86232 


13768 


09241 23009 


56 




6 


7 U 20 


4 48 40 


9.77009 


9.90750 


9.86269 


10.13741 


10.09250110.22991 


56 




6 


11 12 


48 48 


77026 


90741 


.86285 


13715 


092591 22974 


54 




7 


11 4 


48 66 


77043 


90731 


86312 


13688 


09269^ 32957 


53 




8 


10 66 


49 4 


77061 


90722 


86338 


13662 


09278 22939 


52 




9 


10 43 


49 12 


77078 


90713 


86365 


13635 


09287.> 22922 


61 




10 


7 10 40 


4 49 20 


9.77095 


9.90704 


9.86392 


10^.13608 


10.09296!10. 22906 


60 




11 


10 32 


49 28 


77112 


90694 


86418 


13582 


09306 22888 


49 




12 


10 24 


49 36 


77130 


90685 


86445 


13556 


09316 


22870 


48 




13 


10 16 


49 44 


77147 


90676 


86471 


13529 


09324 


22853 


47 




14 


10 8 


49 62 


77164 


90667 


86498 


13502 


09333 


22836 


46 




lA 


t 10 


4 60 


9.77181 


9.90657 


9.86624 


10.13476 


10.09343 


10.22819 


46 




16 


9 62 


60 8 


77199 


90648 


86661 


13449 


09362 


22801 


44 




17 


9 44 


60 16 


77216 


90639 


86677 


13423 


09361 


22784 


43 




18 


9 36 


60 24 


77233 


90630 


86603 


13397 


09370 


22767 


42 




19 


- 9 28 


60 32 


77250 


90620 


86630 


13870 


09380 


22760 


41 




SO 


7 9 20 


4 60 40 


9.77268 


9.90611 


9.86656 


10.13344 


10.0938910.22732 


40 




21 


9 IS 


60 48 


77286 


90602 


86683 


13317 


09398 22716 


39 




22 


9 4 


60 66 


* 77302 


90692 


86709 


13291 


09408 


22698 


38 




23 


8 66 


61 4 


77319 


90683 


86736 


13264 


09417 


22681 


37 




24 


8 48 


61 12 


77336 


90674 


86762 


13238 


09426 


S2664 


36 




26 


7 8 40 


4 61 20 


9.77853 


9.90565 


9.86789 


10.13211 


10.09435 


10.22647 


36 




26 


8 32 


61 28 


77370 


90555 


86816 


13186 


09445 


22630 


34 




27 


8 24 


61 36 


77387 


90646 


86842 


13168 


09454 


22613 


33 




28 


8 16 


61 44 


77406 


90637 


86868 


13132 


09463 


22695 


32 




29 


8 8 


61 62 


77422 


90627 


86894 


13106 


09473 


22678 


31 




30 


7 8 


4 62 


9.77439 


9.90518 


9.86921 


10.13079 


10.09482110.22561 


30 




31 


7 62 


62 8 


77456 


90509 


86947 


13063 


09491! 22644 


29 




32 


7 44 


62 16 


77473 


90499 


86974 


13026 


09601 22527 


28 




33 


7 36 


62 24 


77490 


90490 


87000 


13000 


09510^ 22610 


27 




34 


^ 7 28 


62 32 


77607 


90480 


87Q27 


12973 


096201 22493 


26 




36 


7 7 20 


4 62 40 


9.77624 


9.90471 


9.87053 


10.12947 


10.09629 


10.22476 


25 




36 


7 12 


62 48 


77641 


90462 


87079 


12921 


09638 


22469 


24 




37 


7 4 


62 66 


77668 


90462 


87106 


12894 


09646 


22442 


23 




38 


6 56 


63 4 


77676 


90443 


87132 


12868 


09667 


22426 


22 




39 


6 48 


68 12 


•77692 


90434 


87168 


12842 


09666 


i 22408 


21 


, 


40 


7 6 40 


4 63 20 


9.77609 


9.90424 


9.87186 


10.12816 


10.09576 


10.22391 


20 




41 


6 32 


63 28 


77626 


90416 


87211 


12789 


09686 


22374 


19 




42 


6 24 


63 36 


77643 


90405 


87238 


12762 


09696 


22367 


18 




43 


6 16 


63 44 


77660 


90396 


87264 


12736 


09604i 


22340 


17 




44 


6 8 


63 62 


77677 


90386 


87290 


12710 


096141 22323 


16 




46 


7 6 


4 64 


9.77694 


9.90377 


9.87317 


10.12683 


10.0962310.22306 


16 




46 


6 62 


64 8 


77711 


90368 


87343 


12667 


09632 


22289 


14 




47 


6 44 


64 16 


77728 


90368 


87369 


12631 


09642 


22272 


13 




48 


6 36 


64 24 


77744 


90349 


87396 


12604 


09661 


22266 


12 




49 


6 28 


64 32 


77761 


90339 


87422 


12678 


09661 


22239 


11 




60 


7 6 20 


4 64 40 


9.77778 


9.90330 


9.87448 


10.12662 


10.09670 


10.22222 


10 




61 


6 12 


64 48 


77796 


90320 


87475 


12625 


09680 


22205 


9 




62 


6 4 


64 66 


77812 


90311 


87601 


12499 


09689 


22188 


8 




63 


4 66 


65 4 


77829 


90301 


87627 


12473 


09699 


22171 


7 




64 


4 48 


66 12 


77846 


90292 


87664 


12446 


09708 


22164 


6 




66 


7 4 40 


4 66 20 


9.77862 


9.90282 


9.87680 


10.12420 


10.09718 


10.22138 


5 




66 


4 32 


66 28 


77879 


90273 


87606 


12394 


09727 


22121 


4 




67 


424 


66 36 


77896 


90263 


87633 


12367 


09737 


22104 


3 




68 


4 16 


66 44 


77913 


90254 


87669 


12341 


09746 


22087 


2 




69 


4 8 


66 6S 


77930 


90244 


87686 


12315 


09756 


22070 1 




60 


4 


66 


77946 


90236 


87711 


12289 


09765 


22064 




M 


HOUTP.M. 


HourA.v. 


Co-sine. 


Sine. ' 


Co-tang JTangen t . ! Co-secant 


Secant. 


t M II 



126 Dega 



Degs. 63. 



/ 









87 Dcg». 



Log. Siiiesy '. 



aod SecaotA 



M IHouTA.M. Uourp.H.I Sine. 




1 

2 
3 
4 



5 
6 
7 
8 
9 



10 
11 
18 
13 
14 



15 
16 
17 

18 
19 



20 
21 
22 
23 
24 



25 
26 
27 
28 
29 



30 
31 

32 
33 
34 



35 
36 
37 
38 
S9 



40 
41 

42 
43 
44 



45 
46 
47 
48 
49 



50 
51 
52 
53 
54 



55 

56 
57 
58 
59 
60 



4 
3 52 
3 44 
8 36 
3 28 



3 20 
3 12 
3 4 

2 56 
2 48 



2 40 
2 32 
S 24 
2 16 
2 8 



4 56 
56 
56 
56 
56 



i 



8 
16 

24 
32 



56 
56 
56 
57 
57 



40 

48 
56 

4 
12 



2 
1 52 
1 44 
1 36 
1 28 



4 57 

57 
57 
57 
57 



20 
28 
36 
44 

52 



1 20 
1 12 
1 4 

56 
48 



4 58 
58 
68 
58 
58 




8 

16 
24 
32 



9.77946 
77963 
77980 
77997 
780131 



9.78030 
78047 
78063 
78080 
78097 



.78113 
78130 
7814? 
78163 
78180 



Co-«ne. {Tangent 



9.90:235 
90225 
90216 
90206 
90197 



9.90187 
90178 
90168 
90159 
90U9 



.7J.'197 
78213 
78230 
78246 
78263 



9.90139 
90130 
90120 
90111 
90101 



9.87711 
87738 
87764 
87790 
87817 



Co-tang. 



10. 12:iU9 10 .09765 10 . ^2054 



9.8784310 
87869 
87895 
87922 
87948 



9.90091 
90082 
90072 
90063 
900.53 



40 
32 
241 
16 
8 



7 
6 




59 52 
59 44 

59 36 
59 23 



59 20 
59 12 
59 4 
58 56 
5S 48 



4 58 

58 
68 
59 
59 



40 
48 
56 
4 
12 



59 
59 
59 
59 

59 



20 
28 
36 
44 

62 



9.782801 9.90043 



78296 
78313 
78329 
78346 



5 






01 

8 

16 

24 
32 






1 
1 



40 
48 
56 
4 
12 



58 40 
58 32 
58 24 
58 16 
58 8 



58 
57 52 
57 44 
57 36 
57 28 



57 20 
57 12 
57 4 
56 56 
56 48 



1 
1 
1 
1 
1 



9.78362 
78379 
78395 
78412 
78428 



9.78445 
78461 
78478 
78494 
78510 



9.78527 
78543 
78560 
78576 
78592 



20 
28 
36 
44 
52 



5 2 

2 
2 
2 
2 



Of 
8 

16 
24 
32 



5 



56 401 
56 32 
56 24 
56 16 



2 
2 
2 
3 
3 



9.78609 
78625 
78642 
78658 
78674 



9.78691 
78707 
78723 
78739 
78766 



90034 
90024 
90014 
90005 



9.89995 
89985 
89976 
89966 
89956 



9.89947 
89937 
89927 
89918 
89908 



9.89898 
89888 
89879 
89869 
89859 



9.87974 
88000 
88027 
88053 
88079 



9.88105 
88131 
88158 
88184 
88210 



9.88236 
88262 
88289 
88316 
88341 



9.88367 
883931 
88420 
88446 
88472 



9.88498 
88524 
88550 
88577 
88603 



9.89849 
89840 
89830 
89820 
89810 



9.89801 
89791 
89781 
89771 
89761 



40 
48 
56 
4 
12 



56 
66 



8 




M iHourp.M. 
127 Dfgs. 



3 20 
3 28 
36 
441 



3 
3 



9.787721 
78788 
78805 
78821 
78837 



9.88G29 
88655 
88681 
88707 
88733 



9.88759 
88786 
88812 
88838 
88864 



12262 
12236 
12210 
12183 



Secant, t 



Deg>. 142. 



Co-5ecant 



12157 
12131 
12105 
I207Q . 
12052 



10 



,12026 
12000 
11973 
11947 
11921 



10. 



11895 
11869 
11842 
11816 
11790 



10. 



09776 
09784 
09794 
09803 



10.09813 
098!22 
09832 
09841 
09851 



10.09861 
09870 
09880 
€9889 
09899 



M 



22037 
22020 
22003 
21987 



10.21970 
21933 
21937 
21920 
21903 



10.09909 
09918 
09928 
09937 
09947 



11764 
11738 
11711 
11685 
11659 



10. 



11633 
11607 
11580 
11554] 

11528 



10. 



11602 
11476 
11460 
11423 
11397 



10 



11371 
11345 
11319 
11293 
11267 



10 



11241 
11214 
11188 
11162] 
11136 



9.88890 
88916 
88942 
88968 
88994 



10 



9.89752 
89742 
89732 
89722 
89712 



3 52 

4 



UoiirA.M. 



9.78853 
78869 
78886 
78902 
78918 
78934 



Co-sine. 



9.89702 
89693 
89683 
89673 
89663 
89653 



9.89020 10 
89046 
89073 
89099 
89125 



9.89151 
89177 
89203 
89229 
89256 
89281 



10.09957 
09966 
09976 
09936 
09995 



10.21638 

21621 

100241 21605 

21588 

21572 



10.10005 
10015 



10034 
10044 



10.10053 
10063 
10073 
10082 
10092 



10. 



10102 
10112 
10121 
10131 
10141 



10. 



10151 
10160 
10170 
10180 
1O190 



11110 
11084 

11058 
11032 
11006 



10980 
10954 
10927 
10901 
10875 



Sine. Co-tang. 



» — w 



10.10849 
10323 
10797 
10771 
10745 
10719 



Tangent. 



10.1019910 

10209 
10219 
10229 
10239 



10.10248 
10258) 
10268 
1027C 
10288 



10307 
10317 
10327 
10337 
103471 



10.21887 
21870 
21853 
21837 
21820 



10.21803 
21787 
21770 
21754 
21737 



10.21720 
21704 
21687 
21671 
21654 



10.21555 
21539 

21522 
21506 
21490 



10 



10 



.21391 
21375 
21368 
21342 
21326 16 



21309 
21293 

21277 
21261 

212441 



10 



21228 
212121 
21195 
21179 
21163 



10.1029810.21147 



21131 
21114 
21098 
21002 
21066 



Co-8ecaiui bccant. 



T—r" 



214731 25 
21467 24 
2144d 23 
214241 22 
21408} 21 



M 



i 



I 
^ 



Dega. 5iJ. 



Liog. l^uies, imigeiito ana decauu*. 





98 Degs. 














l>egf>. t4>i. 




M 



HonrA.M. 


Hoarp.M. Sine. 


1 Co-sine. 


Tangent. 


Co-tang. 


Secant. 


Co^secant M | 




6 56 


5 4 9.78934( 9.89653 


9.89281 


10.10719 


10.10347 


10.210661 GO 




1 


55 52 


4 8 


78950 


89643 


89307 


10693 


10357 


21050 59 




S 


55 44 


4 16 


78967 


89633 


89333 


10667 


10367 


21033^ 58 




9 


65 36 


4 24 


7898:J 


89624 


89359 


10641 


10376 


21017: 57 




4 


55 28 


4 32 


78999 


89614 


89385 


10615 


10386 


21001 


^6 
55 




6 


6 55 20 


6 4 40 


9.79016 


9.89604 


9.89411 


10.10589 


10.10396 


10.20986 




6 


55 13 


4 48 


79031 


89594 


89437 


10563 


10406 


20969; 54 




7 


55 4 


4 56 


79047 


89584 


89463 


10537 


10416 


20953! 53 




8 


54 56 


5 4 


79063 


S9574 


89489 


10611 


10426 


20937 


52 




9 


54 48 


5 12 


79079 


' 89564 


89516 


10485 


10436 


20921 


51 




10 


6 54 40 


5 5 20 


9.79095 


9.89554 


9.89641 


10.10459 


10.10446 


10.20905J fiO 1 




11 


54 32 


6 28 


^79111 


OkfO^v 


89567 


104^3 


10456 


20889 


49 




12 


54 24 


5 36 


79128 


89534 


8969S 


► 10407 


10466 


20872 


48 




13 


54 16 


5 44 


79144 


89524 


89619 


10.381 


10476 


20856 


4T 




14 


54 8 


5 52 


79160 


89514 


89646 


10365 


10436 


20840| 46 1 




Id 


6 54 


5 6 


9.79176 


9.89504 


9.89671 


10 J 0329 


10.10496 


10.20824 


45 




16 


53 52 


6 8 


79192 


89495 


89697 


10303 


10605 


2080$ 


44 




17 


53 44 


6 16 


79208 


89485 


89723 


10277 


10515 


20792 43 




18 


53 36 


6 24 


79224 


89475 


89749 


10251 


10625 


20776 4t 




19 


63 28 


6 32 


792 M) 


89465 


89776 


10225 


10535 


20760 41 




20 


6 53 20 


5 6 40 


9.79256 


9.89455 


9.89801 


10.10199 


10.10545 


10,20744 40 




21 


53 12 


6 48 


79272 


89446 


89827 


10173 


10555 


2072$ 


39 




22 


53 4 


€ 56 


79288 


89435 


89853 


10147 


10565 


20712 38 




23 


52 56 


7 4 


79304 


89425 


89C79 


10121 


10575 


206961 37 




24 


52 48 


7 12 


79319 


89415 


89905 


10095 


10585 


20681' 36 




25 


6 52 40 


5 7 20 


9.79335 


9.89106 


9.89931 


10.10069 


10.10595 


10.20666 35 




26 


52 32 


7 28 


79361 


 89396 


89957 


10043 


10605 


20649' 34 




27 


52 £4 


7 36 


7^367 


89385 


89983 


10017 


10615 


20633' 33 




28 


52 16 


7 44 


79383 


89376 


90009 


09991 


10626 


20617, 32 




29 


52 8 


7 62 


79399 


89364 


90035 


09965 


10636 


20601 


31 




30 


6 62 


6 8 


9.79415 


d. 89364 


9.90061 


10.09939 


10.10646 


10.20585 


30 




31 


51 62 


8 8 


79431 


89344 


90086 


09914 


10636 


20569' 29 




32 


51 44 


8 16 


79447 


89334 


90112 


09888 


10666 


20563 28 




33 


61 .06 


8 24 


79463 


89324 


90138 


09862 


10676 


205371 27 




34 


51 28 


8 32 
6 8 40 


79478 


89314 


90164 


09836 


10686 


20522 26 




35 


6 61 20 


9.79494 


9.89304 


9.9019010.09810 


10.10696 


10.20506; 25 




36 


51 13 


8 43 


79510 


89294 


90216 


09784 


10706 


20490', 24 




37 


51 4 


8 66 


79526 


89284 


90242 


09758 


10716 


20474! 23 




38 


50 66 


9 4 


79542 


89274 


. 90268 


09732 


10726 


204581 22 




39 


60 48 


9 12 


79558 


892<;4 


90294 


09706 


10736 


20^1421 21 


. 


40 


b 60 40 


5 9 20 


9.79573 


9.8y254 


9.90320 


10.09680 


10.10746 


10.20427 


20 




41 


60 32 


9 28 


79589 


89244 


90346 


09654 


10756 


20411 


19 




42 


60 £4 


d 36 


79605 


89233 


90371 


09629 


10767 


20395 


18 




43 


50 16 


9 44 


79621 


89223 


90397 


09603 


10777 


20379 


17 




4i 


50 8 


9 52 


79686 


89213 


90423 


09577 


10787 


20364 


16 




45 


6 50 


5 10 


9.79652 


9.89203 


9.90449 


10.09551 


10.10797 


10.20348 


15 




46 


49 62 


10 8 


79668 


89193 


90476 


09525 


10807 


20332 


14 




47 


49 44 


10 16 


79684 


89183 


90501 


09499 


10817 


20316 


13 




48 


49 36 


10 24 


79699 


89173 


90527 


09473 


10827 


20301 


12 




49 


49 28 


10 32 


79715 


89162 


90553 


09447 


10838 


20285 


11 




50 


6 49 to 


5 10 40 


L>. 79731 


9.89162 


9.90578 


10.094S2 


10.10848 


10.20269 


10 




51 


49 12 


10 48 


79746 


89142 


90604 


09396 


10858 


20254 


9 




62 


49 4 


10 66 


79762 


89132 


90630 


09370 


10868 


20238 


8 




63 


48 55 


U 4 


79778 


89122 


90666 


09344. 


10878 


20222 


7 




54 


48 48 


11 12 


79793 


•89112 


90682 
9.9070S 


09318 


10888 


20207 


6 




66 


6 43 40 


5 11 20 


'J.798U9 


9.89101 


10.09292 


10.10899 


10.20)91 


5 




66 


48 32 


11 28 


79825 


89091 


90734 


09266 


10909 


20176 


4 




57 


48 2-i 


11 36 


79840 


89081 


90759 


09241 


10919 


20160 


3 




5S 


48 16 


11 44 


79H56 


89071 


90786 


09216 


10929 


20144 


2 




50 


48 8 


11 -j-Z 


7987i 


89060 


90311 


09189 


10940 


20128; 1 1 




60 


48 


12 


79387 


89050 


90837 09163 


10950 


20113 
Secant. 


1 » 




M 


IIoutp.mJ 


Hour A.M. Co-sine. ' 


Sine. 


Co-tttn<(. Tangent. 


Co-secant 


' M 1 



128 Dr?s. 



i)eg9. 51/ 



• « 



39 Dy. 



H 





1 

2 
4 



5 

7 
8 
9 



10 
11 
12 
13 
14 



15 
16 
17 
18 
19 



20 
21 

22 
23 

24 



25 
25 
27 
28 
29 



30 
31 
32 
33 
34 



35 
36 
37 
38 
39 



40 
41 

42 
43 
44 



45 
46 
47 
48 
49 



50 
61 
52 
53 
54 



55 
56 
57 
58 
59 
60 



u 



mUAM. 



6 48 
47 52 
47 441 
47 36 
47 28 



6 47 20 
47 12 
47 4 
46 56 
46 48 



6 46 40 
46 32 
46 24 
46 16 
46 B 



6 46 
45 52 
45 44 
45 36 
45 28 



6 45 20 
45 12 
45 4 

44 56 

44 48 



lOIUT.M. 



Log. Sines, Tftageots and Secants. 



3 20 

IS 28 

3 36 

3 44 
3 52 



5 



5 



6 44 40 
44 32 
44 24 
44 16 
44 8 



6 44 
43 52 
43 44 

43 36 
43 28 



6 43 20 
43 12 
43 4 

.42 56 
42 48 



6 42 40 
42 32 

42 24 
42 16 

42 8 



6 42 
41 52 
41 44 
41 36 
41 28 



6 41 20 
41 12 
41 4 
40 56 
40 48 



6 40 40 
40 32 
40 24 
40 16 
40 8 
40 



2 01 
% 8 
2 16 

2 24 
2 32 



2 40 
2 48 

2 56 

3 4 
3 12 



4 
4 8 
4 16 
4 24| 
4 32 



4 40 
4 48 

4 56 

5 4 
5 12 



5 20 

5 28 
5 36 
5 44 
5 52 



6 
6 



6 16 
6 24 
6 32 



6 40 
6 '48 

6 56 

7 4 

7 12 



7 20 
7 28 
7 36 
7 44 

7 52 



8 
8 8 
8 16 
8 24 
8 32 



8 40 
8 48 

8 56 

9 4 
9 12 



9 20 
9 28 
9 36 
9 44 
9 52 
20 



9.79887 
79903 
79918 
79934 
79950 



9.79966 
79981 
79996 
80012 
80027 



9.8004d 
80068 
80074 
80089 
80105 



9.80120 
80136 
80161 
80166 
8018!^ 



9.80197 
80213 
80228 
80244 
80259 



9.80274 
80290 
80305 
80320 
80336 



9.80351 
80366 
80382 
80397 
80412 



9.80428 
80443 
80458 
80473 
80489 



9.80504 
80519 
80534 
80550 
80565 



9.80580 
80595 
80610 
80625 
80641 



9. 80656 
80671 
80686 
80701 
80716 



9.80731 
80746 
80762 
80777 
80792 
80807 



M lHourp.M.'HourA.M. Co-sine. 



Co'^ine. 



9.89050 
89040 
89030 
89020 
89009 



9.88999 
88989 
88978 
88968 
88958 



9.88946 
88937 
88927 
88917 
88906 



9.88896 
88886 
88875 
88865 
88855 



9.88844 
88834 
88824 
88813 
88803 



9.88793 
88782 
88772 
88761 
88751 



9.88741 
88730 
88720 
88709 
88699 



9 88688 

88678 

88668 

 88657 

88647 



9.88636 
88626 
88615 
88605 
885941 



9.88584 
88573 
88563 
88552 
88542 



TftBgent 



9.90837 
90863 
90689 
90914 
90940 



9.90966 
90992 
91018 
91043 
91069 



9.91095 
91121 
91147 
91172 
91198 



9.91224 
91250 
91276 
91301 
91327 



9.91353 
91379 
91404 
91430 
91456 



9.91482 
91507 
91533 
91559 
91586] 



9.91610 
91636 
91662 
91688 
91713 



9.91739 
91765 
91791 
91816 
91842 



9.91868 
91893 
91919 
91945] 
91971 



9.88531 
88521 
88510 
88499 
88489 



9.88478 
88468 
88467 
88447 
88436 
884£5 



9.91996 
92022 
92048 
92073 
92099 



9.92125 
92150 
92176 
92202 
92227 



9.92253 
92279 
92304 
92330 
92356 
92381 



129 Degs. 



Siae» I Co-tan^. 



Co-tang. 



10.09163 
09137 
091 1 1 
09086 
09060 



10.09034 
09008 
08982 
08967 
08931 



10.08905 
08879 
08855 
08828 
08802 



10.08776 
08750 
08724 
08699 
08673 



10.08647110 
08621 
08596 
08570 
08544 



10.08518 
08493 
08467 
08441 
08415] 



10.08390 
08364 
08338 
08312 
08287 



10.08261 
08235 
08209 
08184 
08158 



10.08132 
08107 
08081 
08055 
08029 



10.08004 
07978 
07962 
07927 
07901 



10.07875 
07850 
07824 
07798 
07773 



10.07747 
07721 
07696 
07670 
07644 
07619 



Secant. 



H). 



10. 



10. 



10. 



10. 



10. 



10. 



10 



10. 



10, 



10. 



0950 
0960 
0970 
0980 
0991 



1001 
1011 

1022 
1032 
1042 



1052 
1063 
1073 
1083 
1094 



1104 
1114 
1125] 
1135 
1145 



1156 
1166 
1176 
1187 
1197 



1207 
1218 
1228 
1239 
1249 



1259 
1270 
1280 
1291 
1301 



.1312 
13221 
1332 
1343 
1353 



1364 
1374 
1386 
1396 
1406 



1416 
1427 
1437 
1448 
1458 



1469 
1479 
1490 
1501 
1511 



1522 
1532 
1643 
1553 
1564 
1575 



Peg. 140. 



Co-secanti M 



10.20113 
20097 
20082 
20066 
20050 



10.20035 
20019 
20004 
9988 
9973 



10. 



10. 



10. 



10 



10. 



10. 



10. 



10. 



10. 



10. 



9957 
9942 
9926 
9911 
9895 



9880 
9864 
9849 
9834 
9818 



9803 
9787 
9772 
9756 
9741 



9726 
9710 
9695 
9680 
9664 



9649 
9634 
9618 
9603 
9588 



9572 
9657 
9542 
9527 
9511 



9496 
d481 
9466 
9450 
9436 



60 
69 
68 
67 
66 



66 
64 
53 
62 
51 



50 
49 
48 
47 
46 



45 
44 
43 
42 
41 



40 
39 
38 
37 
36 



35 
34 
S3 
32 
31 



29 
28 
27 
26 



26 
24 
23 
22 
21 



9420 
94a5 
9390 
9375 
9359 



9344 
9329 
9314 
9299 
9284 



9269 
9254 
9238 
9223 
9208 
9193 



20 
19 
18 
17 
16 



16 
14 
13 
12 
11 



10 
9 
8 
7 
6 



5 

4 
3 
2 
1 




9 



Tangent Co-secant Secant, i M 

■I I I M -  I  ■J,..— ^- 

Vegs. 50. 



i. 



i 



1- 



/ 



iOPega. 



Log. Sines, TftRgaiU and Secanto. 



M 





1 

2 
3 

4 



6 
6 
7 
8 
9 



10 
11 
12 
13 
14 



Id 
16 
17 

18 



20 
21 

v)f) 

«*« ^ 

23 
24 

IF 
26 
27 
28 
29 



30 
31 
32 
33 
34 

3d 
36 
37 
38 
39 



40 
41 
42 
43 
44 



45 
46 
47 
48 
49 



60 
61 
62 
53 
64 



66 
66 
67 
68 
69 
60 



M 



HourA.if. 



6 40 
39 62 
39 44 
39 36 
39 28 



6 39 20 
39 12 
39 
38 66 
38 48 



6 38 40 
38 32 

38 24{ 
38 16 
38 8 



6 38 01 
37 52 
37 441 
37 36 
37 28 



M 37 
87 
37 
;i6 
36 



20^ 
12 

4j 
66 
48 



6 36 
36 
36 
36 
36 



40 
32 
24 
16 
8 



6 36 
36 62 
36 44 

36 36 
36 28 



36 20 

35 12 

36 4 
34 66 
34 48 



34 40 
34 32 
34 241 
34 16 
34 8 



6 34 
33 52 
33 44 
33 36 
33 28 



33 20 
33 12 
33 4 
32 66 
32 48 



32 40i 
32 32 
32 24 
32 16 



32 

32 



8 




15 



[ourp.ii 



6 20 
20 
20 16 
20 24 
20 32 



"5 



ine. 



5 20 40 
20 48 

20 66 

21 4 
21 121 



6 21 20 
21 28 
21 36 
21 44 
21 52 



6 22 

22 8 
22 16 
22 24 
22 32 



6 22 40 
22 48 

22 56 

23 4 
23 12 



5 23 20 
23 28 
23 36 
23 44 
23 52 



6 24 
24 8 
24 16 
24 24 
24 32 



24 40 
24 48 

24 66 
26 4 

25 12 



25 20 
25 28 
25 36 
25 44 
25 62 



26 
26 
26 





8 

16 



26 24 
26 32 



26 40 
26 48 

26 66 

27 4 
27 12 



27 20 
27 28 
27 36 
27 44 

27 62 

28 



Hourp.M. HourA.M. 



9.80807 
80822 
80837 
80852 
80867 



9.80882 
80897 
80912 
80927 
80942 



Co-wne» 



9.88425 
88416 
88404 
88394 
88383 



9.88372 
88362 
88351 
88340 
88330 



9.80937 
80972 
80987 
81002 
81017 



9.81032 
81047 
81061 
81076 
81091 



9.88319 
88308 
88298 
88287 
88276 



9.83266 
88255 
88244 
88234 
88223 



9.92766 
9279^ 
92817 
92B43 
92868 



.81106 
81121 
81136 
81151 
81166 



9.81180 
81195 
81210 
81225 
81240 



9.83212 
88201 
88191 
88180 
88169 



9.88158 
88148 
88137 
88126 
88115 



9.81254 
81269 
81284 
81299 
81314 



9.81328 
81343 
81358 
81372 
81387 



9.81402 
81417 
81431 
81446 
81461 



9.81475 
81490 
81505 
81519 
81534 



9.81549 
81563 
81678 
81592 
81607 



9.81622 
81636 
81651 
81665 
81680 
81694 



Co-sine. 



9.88105 
88094 
88083 
88072 
88061 



9.88051 
88040 
88029 
88018 
88007 



y. 87996 
87985 
87976 
87964 
87953 



9.87942 
87931 
87920 
879091 
87898 



9.87887 
87877 
87866 
87856 
87844 



9.87833 
87822 
87811 
87800 
87789 
87778 



Bine. 



Tangent. 



9.9^1 
92407 
92433 
92458 
92484 



9.92510 
92535 
92561 
92687 
92612 



9.92638 
92663 
92689 
92716 
92740 



9.D289410 
92920 
92945 
92971 
92996 



9.93022 
93048 
93073 
93099 
931241 



9.93150110 
93175 
93201 
93227 
93252 



9.93278 
93303 
93329 
93354 
93380 



9.93406 
93431 
93457 
93482 
93508 



9.93533 
93659 
93684 
93610 
93636 



9.93661 
93687 
93712 
93738 
93763 



9.93789 
93814 
93840 
93d66 
93891 
93916 



Co-tang. 



10.07619 
07693 
07667 
07642 
07616 



Secant. 



10.07490 
07465 
07439 
07413 



07388 



10.07362 
07337 
07311 
07285 
07260 



10.07234 
07208 
07183 
07157 
07132 



.07106 
07080 
07056 
07029 
07004 



10.06978 
06952 
06927 
06901 
06876 



.06850 
06825 
06799 
06773 
06748 



10 



.06722 
06697 
06671 
06640 
06620 



10.0659410 
06569 
06543 
06518 

06492 



10.06467 
06441 
06416 
06390 
06364 



10.06339 
063131 
06288 
06262 
06237 



10,06211 
06186 
06160 
06135 
06109 
06084 



10. 



19. 



10. 



10. 



10 



10. 



10. 



10. 



10. 



10. 



10, 



1576 
1635 
1596 
1606 
1617 



1628 
.1638 
1649 
1660 
1670 



1681 
1692 
1702 
1713 
1724 



Pega. 139. 



Co-secani 



10. 



10. 



10, 



173410 

1745 

1756 

1766 

1777 



1788 
1799 
1809 
1820 
1831 



10 



1842 
1852 
1863 
1874 
1885 



1895 
1906 
1917 
1928 
1939 



1949 

1960i 

1971 

1982 

1993 



2004110 

2015 

2026 

2036 

2047 



2058 
2069 
2080 
2091 
210^ 



211310. 

2123 

2134 

2146 

2166 

Il67 



2178 

2189 

22001 

2211 

2222 



10. 



10. 



10. 



10. 



10 



9193 
9178 
9163 



9148 57 
9133 56 



9118 
9103 
9088 
9073 
9068 



9048 
9028 
9013 
8998 
8983 



8968 
8963 
8939 
8924 
8909 



8894 
8879 
8864 
8849 

88341 



8820 
8805 
8790 
8775 
8760 



8746 
873! 
8716 
8701 
8686 



8672 
8667 
8642 
8628 
8613 



8698 
8583 
8669 
8664 
8539 



M 



60 
69 
68 



55 
54 
53 
52 
51 



50 

49 
48 
47 
46 



45 
44 
43 
42 
41 



40 
39 
38 
37 
36 



35 
34 
33 
32 
31 



30 

29 
28 
27 
26 



25 
24 

23 
22 
21 



8625 

8610 

84961 

8481 

8466 



8451 
8437 
8422 
8408 
8393 



1^378 
8364 
8349 
8336 
8320 
8306 



130 Peg^ 



mi^f^^rm^ 



Co-tang. Tangent.'Co'gecyit' Secant. 



20 

18 
17 
16 



15 
14 
13 
12 
11 



10 
9 
8 
7 
6 



6 
4 
3 
2 
1 


IT 



jPcjB. 49. 



.?; 



*')egg. 



Log. Sine&^ iange^vti sna decants* 





1 

3 
3 

4 



5 

7 
8 





10 

11 

12 
13 
U 



Id 
J7 
J9 



HourA.M.iHourp.M.i .?ime. 



Degg. 136. 



i6 
15 62 

15 36 

15 28 



5 44 
44 
44 

44 
44 



24 

3-: 



15 20 
15 li 
15 4 

14 56 
14 48 



5 



44 

45 
45 



14 40 
14 32 
14 24 
14 IG 



u 



14 V> 



5 45 
45 
45 
45 
45 



6 



14 

.13 ft- 

lo 44 

13 36| 

13 sn 

— I- 



IG 
4S 
46 
46 
46 



40 
48 
56 

4i 
12 

20 

28 
36 
44 

_52{ 

"0 

8 

16 

21 

32 



9.83378 
833j>i 

8340.*) 

834191 



Co sine. 



9.36413 
:464<J1 
86389 
86377 
86366 



Ittog^nt. 



9.9(i966 
96991 
97016 
97042 
97067 



83451) 

83473 
83486 
835(K) 



9.86354 

Sr342 
86330 
86312' 
86306! 



9.83513 
83.727 
83540 
83554 

^0567 

9.83581 
83594 

8360;; 

C362I 
83631 



21 

23 

26 
27 
28 

29 



1 6 13 ^^*>1 5 46 40i 9.8364S 

' '" I 46 4n i;3G6l 

+ .46 56 33674 

56 47 41 B3*V6r, 

47 12 83701 



13 

1% 

12 






30 
31 
32 
S3 
34^ 

"35" 
56 
37 
38 

39 



6 



n 
12 
12 
12 



40 

32 

21 

10 

8 



47 

47 
47 
47 

47 



20 

28 
36< 
44 
52 



12 

11 52 

11 44 

11 36 

11 28 



5 48 
48 

48 
48 

4n 





o 
O 

16 
21 
32 



11 
11 
11 
10 

10 



20 

12 

4 

56 

4j: 



40 
41 
42 
43 
44 



r-i* 



45 
46 
47 
48 
49 



50 
51 
52 
5:i 
54 



55 
56 
0/ 
58 
59 
60^ 

M 



6 10 40 
10 32 
10 24 
10 16 
10 8 



10 b 
9 52 
9 44 
9 36 

9 2n 



9 20 
9 12 
9 4 
8 56 
8 48 



8 
8 
8 
8 
3 
8 



'^O 

32 
24 

«l 




5 48 
43 
43 
49 
49 



40 
48 
56 
4 
12 



5 49 
49 
49 
49 
49 



20 

28 
3(. 
44 

52 



5 50 
50 
50 
50 
50 



5 50 
50 
50 
51 
51 





8 

16 

21 

3'.' 

40 
48 
56 
4 
12 



9.8:3715 
8372;) 
83711 
83755 
83768 



9.86295 
86:85 

86251» 
86247 



9.837^;i 
83795 
8&J08J 
8::i^21i 
83834i 



83H18I 
83861! 
8387i| 
83387! 
839011 



9.83914 
83927 
83940 
83t^5l 
83967 



9.83980 
83993 
84006 
8402(1 
84033 

97^404? 
84059 
84072 
840c)o 
84098 



o 



51 
51 
51 
51 
51 
52 



20 
28 
36 
44 
52 




J i<»uri"..>i.lH(jur.4..M. 



9.34112 
84125 
84138 
84151 

84164 
84177 



C«)-.>«ine. 



9.97092 
9711 
97143 
U7168 
97193 



Co-tnn^;.! bti'rai}!. jO)-sccant| M 

10703O34 10.135871 1 oTl6622 "ST 
030091 lSi)99 16608^ 59 
02984 13611 



02958 
02933 



13623 
13634 



10.02908 
02382 

02857 
02832 
02l'07 



9.86^35 
36223 
86211 

86200 
86188 

9.36n'^ 
86 164 
86152 
861't0 
86128 



9.86116 
86104 
36092 
€6080 
86068 



9.86056 
86044 
86032 
86020 
86008 



9.85996 
85984 
859' 1: 
859o0 
8.5948 



9.859;i6 
35924 
85912 
85900 
0588o 



9.85876 
35864 
85851 
358:VJ 
86827 



.85815 
8580:^ 
85791 
85779 
85766 



9.972UM0.027ai 
97244] 02756 



97269 
97295 
97320 



9.973*5 
97371 
97.396 
97421 
974471 

97497 
97523 
97.548 
97573 



9.97.)9« 
97624 
97649 
97674 
97700 



9.97725 

97750 
97776 
97801 
97826 



9.97851 
97877 
97902 
97927 
97953 



02731 
02705 
<-2680 



10.02G.W 
026 .i9 
02604 
02579 
02553 



lU. 13646 
13658 
13670 
13682 

136!M 



10.13705 
13717 
13729 
13741 
13753 



10 



13765 

13777 
13789 
13800 
13812 



I0.02.y2>{ 
Oi.->03 
02477 
02452 
021.27 



10.13824 

loV,36 
1384R 
138(;(; 
1387i 



16608^ 

i<^595 

16»«l 

16.568J 



8 



»7 



5 



10.165.'^^ 
16541 
16527 
16514 
16500 



10.16437 
16473 
16460 
16446 

1643:1 



55 
54 
53 
52 
61 



50 
49 

48 
47 
46 



10.16419 
16406 
16392 
16379 
16366 



10.02402 
02376 
02351 
02326 
023<X> 



lO.lSiiU^i 

13896 
13908 
13920 
13932 



10.02275 
02250 
02224 
02199 
02174 



10.02149 

02123 
02098 
02073 
02047 



9.97978I10.02JJ22 



98003 
98029 
98054 
98079 



01997 
01971 
01946 
01921 



9.98104110.01896 



981.3U 
98155 
98180 
98206 



9i;231 
98256 
98281 
98307 
98332 



01870 
61845 
01820 
01794 



10.01769 
0l7't4 
01719 
01693 
01668 



.85754 
85742 
85730 
85718 
85706 
85693 






9.98357110 01643 



98383 
98408 
9843^ 
98458 
98434 



01617 
01592 
01567 
01 5^1.2 
01516 



<.'o-laiij;. I Tangent 



10.13944 
13956 
13968 
13980 

139!i2 



10.16352 
16339 
16.V26 
16312 
16299 



10.16285 
16272 
M259 
16245 
16232 



10.16219 

16205 
16192 
16179 
16166 



10.14004 
1401 fi 
14028 
14040 
140.52 



10.14064 
14076 
14088 
14100 
14112 



10.14124 
14136 
14149 
14161 
14173 



14197 
14209 
14221 
14234 



10.14246 
142.')8 
14270 

14282 
14294 
14307 



10.16152 
16139 
16126 
16113 
16099 



45 
44 
43 
•42 
41 



40 

.39 

38 
37 

^'L 
'35" 
34 
33 
32 
31 



30 
29 
2K 
27 
26 



10.16086 
16073 
16060 
16046 
16033 



10.1 ((020 

16007 

15994 

.16980 

15967 



25 

24 
23 
22 
21 



20 
19 
18 
17 
16 



15 
14 
13 
12 

• 

11 



10.14)84^0.15954 



16941 
l.')928 
15915 
16902 



10.15888 
16875 

15862 
16849 
15836 
15823 



10 
9 
8 
7 

6 



6 

4 
3 
S 
1 




1:^3 Deg". 



Co's ecan tl JSecant. M 



Lo^. Siiit'i*^ An.:,j'cfits HX\d :>ec<u»vj. 





8 



Siiie, 




1 

3 
'4 



6 
7 
8 
d 



10 

u 

15 
14 



16 
17 

i? 

21 

2-2 

i>4 



X.1 
2(> 
27 
28 
29 



G 



30 
31 



35 
36 
37 
3S 

32_ 

41 

42 
43 
44 



45 
46 
47 

48 
49^ 

To 

51 

52 
53 
54 

56 

57 
58 

59 
60 



I'M" 



H 0' o di 

7 5!ii 5? 

•J 44 5% 16 

7 36! 5i 21 

7 ^,M 52 32 



7 iO 
7 12 
7 4 
6 56 

6 4H 



5 5i 401 
5i 48 
52 5b 
63 4 
63 V2 



U.84I7'; 

Ji4i90 8or.t;i| 

8-1^^03 8,.6r,9 

84^16 a56j7 

34:J^:S' S.^Cto 

T-'a-m^i" g'i 85cH 

84'2-i.5| ?J36^.iO 

842G9 8;''tio}:5 

8428'i 8J5.06 

34S96 >?-^nb'3 



Co-sinp. ;! angcnt.; Co-ta^g.! Srnanc 

IT. n/>c:»3r9 ri)bT{'4 lo'. ci /h n i6Ti4o07 



98534 

9a3(;o 

985^5 



01491 

OHGC) 

014ic» 
0U15 



14319 
14331 
14343 

143o5 



Pegs, i 

Co-«jeraul 



10. 



6 40 

6 32 
6 24 
i\ IS 
6 « 



5 53 CO 
53 2?1 
53 36 
53 44 

53 />2 



9.9iItil<)!lO.0139U'l0.14.^6i;il0. 



6 





5 


5ii 


5 


44 


5 


St> 


5 


2}.: 



5 54 

64 
64 IG 
64 ili 
54 32 



5 5* 40 
-.>4 48 

54 66 
65 4 

55 U 



5 1-e 

5 4 

4 5i; 

4 4a j 

'4 46! 5 55 20 
4 32J 55 '2-S 
4 211 55 3b 



4 16 

4 8 



4 
3 52 
3 44 
3 3G 
3 2« 



55 44 
55 52 



5 56 
56 8 
56 U 
5«J 24 
56 32 



3 20 
3 12 
3 4 

2 5C> 
2 4H 



2 40 

« ■^'•) 

2 24 
2 16 
2 8 



Hoiirp.M 



9.8430}] 
84321, 
843:M 

84i47 
84360 

"97J4373' 
843H5 
8439H 

8441 i 

8442 J 



9.84437 
84450 
84463 
84476 

8'i4'5i; 



9.84502 
8*1515 
84528 
84540 
84553 



9.34566 
84579 
84592 
84-605 
84618 



5 56 m 
56 48 

56 56 

57 4 

57 v: 

'5~57'26 
57 2ij 
57 3<i 
57 44 
57 52 



9.r4630 
8'kJ43 
84656 
K4669 

84632 








58 8 
68 16 
58 24 
53 32 



9.84694 
847(r/ 
84720 
84733 
84745 



5 58 40 
68 48 

58 56 

59 4 
59 12 



5 59 20 
59 2.S 
59 36 
59 44 
69 52 

6 



9.84758 
84771 
84784 
84796 
84809 



9.848*:2 
84335 
84847 
84;;60 
84^73 



liourA.M 



9.84t;85 
^?4^?9.'< 
8491 1 
84923 
849:56 
849 t9 



9.8j57I 
85559 

855 17 
85534 
35522 

9.85510 
85497 
85485 
85473 
85460 



9 . 85448 
85436 
85423 
85411 
8539y 



9.8j 



336 
85374 
85361 
85349 
85;i37 



9.85324 
85312 
85299 
85287 
85274 



9.85262 
85250 
85237 
85225 
85212 



9.85200 
85137 
85175 
85162 
85150 



9.3513V 
85125 
85U2 
85100 
85037 



9b635' 
98661 
9:i6»;6 
98711 



01365 
01339 
01314 

012;<9 



9.93737 

- 98762 

iWV}<7 

988 1 i' 

9S83;i| 



14392 
14404 
14417 



10. OI263J10. 14429 
01238 1441.1 
OI2I3I M4.^3 
0n.S8i U460 
011621 1447rj 



10 






9 . 938631 1 . 01 1 37 ! 1 C . I is« • ij 1 



98888 
98913 
9^939 

9896 i 



9.939ii9 
99015 
99040 
99065 
99090 



10 



01112 
01087 
01061 
01036 



14503 
U515 
14527 

145401 



10. 1011 10.145,'32i' 1 



C0985 
00960 
00935 
00910 



]4.;6 . 
14577 
14589 
14601 



9.99116110.00834 10.14614 



99141 
991601 
99191 
99217 



00859 
00834 
OOr.09 
00783 



14626 
14639 
146j! 
14063 



9.99242 
99267 
992931 
99318J 
99343 



10.00758110.14676 



9.9936C 
99394 
99419 
99444 
99469 



00733 
00707 
006K2 
00657 

10.00632 
00606 
00581 
005^') 

00531 



14^i88 
14701 
14713 
14726 



10.14738 
14750 
14763 
1 4775 

1471^8 



9.85074 
85062 
85049 
85037 
85024 



9.85012 
849U9 
84986 
84974 
84961 
84949 



Co-sine. I Sine. 



9.99495 
99520 
99645 
99570i 
99596 

1)799621 
996.161 
99672 
99697 
99722 



9.99747 
99773 
99798 
99823 
99848 



10.00505 
00480 
00455 
004.30 
00404 



10.14800 
14813 
14825 
14838 
14850 



10.00379 
00354 
00328 
00303 
00278 



10.14863 
14875 
11888 
14900 
14913 



9.99874 
99899 
99924 
99949 
99975 
10.00000 



C(i-tang. Tnngeiit 



10.00253 
00227 
00202 
00177 
00152 

T0T00T26 
00101 
00076 
00051 

O0O2."J 

ootoo 



10.14926 
14938 
14951 
14963 
14976 

10.14988 
15001 
15014 
15026 
15039 
15061 



10 



10 



10. 



10. 



10. 



10. 



Co-secaiit 



10. 



582 :>; 
581 Oj 

57.^*7I 
67f..4{ 
577 .'I 



575?; 
574/»J 
5731 

67 i>^ 
5705 



5( 



i' W 
5.J 



5692 
5679J 
666f 
oG.'iC-' 
56 10. 



562 V] 
5615' 

.S0O2! 



j5o'9j 
55761 

55«3J 



1 



D537 
6524 
551 1 
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